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DUKE or RUTLAN D. 


My Load Dux x, 


Y ous Grace, whilſt I had the honour of 
being intruſted with your Education in this place, 
ſhewed a diſpoſition to the Study of Chemiſtry : 
I wiſh that any thing contained in the following 
Eſſays may tend to revive it. 

Chemiſtry is cultivated abroad by perſons of the 
firſt Rank, Fortun*, and Ability; they find in it 
a never failing ſource of honourable amuſement for 
their private hours; and as public men, they con- 
ſider its cultivation as one of the moſt certain means 
of bringing to their utmoſt perfection, the manu- 
factures of their country. 

That your Gzace's private life may continue to 
be bleſſed with every domeſtic comfort ; and that 
your public life may be diſtinguiſhed by principles 
and ations uſeful to your country, and honourable 
to yourſelf, is the ſincere prayer of 


Your Gaacz's 
Moſt affectionate 
And obliged Servant, 


R. WATSON, 
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chaſen, not ſo much with a view of giving a ſyſtem 
ä K— as with the bumbler 
delgn of conveying, in a popular way, a general, 
kind of knowledge, to perſons not much verſed in 
the preſs, would finiſh tis was df wry pee 2 the 

quite doubtful. how far either the fubject it- 
ſelf, or, at le bow far the manner in which 
Publica I dare not, at preſent, veuture 

Reader 


: of whom I particu- 
Chemiſts muſt excuſe me, as well for having ex- 
plained common matters, with what will appear to 
them a diſguſting minuteneſs, as for having paſſed 
over in ſilence ſome of the moſt intereſting queſ- 
analyſis of 


vi EO > © © 
I hope, will forgive me, if 1 have fiokn 
not, I truſt, from the duties of my 
inly from the ſtudies of my profel- 
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2 CHEMICAL ESSAYS. 
world, ſupernaturally aſſiſted in the diſcovery of matters 
eſſential, as it ſhould ſeem, to their exiſtence and well- 
being, muſt ever remain unknown to us. 

There can be little doubt that in the ſpace of, at leaſt, 
1656 years, from the creation of the world to the deluge, 
a great variety of economical arts muſt have been carried 
to a very conſiderable degree of perfeftion. The know- 
ledge of many of theſe periſhed, in all likelihood, with the 
then inhabitants of the earth; it being ſcarcely poſſible 
for that fingle family which eſcaped the general ruin to 
have either or been even ſuperficially acquaint- 
ed with them all. When men have been long united in 
civil ſocieties, and human nature has been exalted by a 
reciprocal communication of knowledge, it does not often 
happen, that any uſcful invention is intirely loſt : but 
were all the preſent inhabitants of the earth, except eight 
to be by one ſudden calamity, who 
ſees not that moſt of thoſe ſerviceable and elegant arts, 
which at preſent conſtitute the. employment, and contri- 
bute to the happineſs of the 'greatelf part of the human 
race, would probably be buried in long oblivion ? Many 
centuries might flip away, before the new inhabitants of 
the globe would again become acquainted with'the nature 
of the compaſs, with the arts of painting, printing, or 
dying, of making porcelane, gun-powder, ſteel, or braſs. 
be interval of time which elapſed from the beginning 
of the world to the firſt deluge, is reckoned by profane 
hiſtorians,' to be wholly uncertain as to the events which 
happened in t: it was untecedent, by many centuries, 
not only to the ara when they ſuppoſed hiſtory to com- 
-mence, but to the moſt diſtant ages of hertiſm and fable. 
"The only accounit relative to it, which we can rely upon, 
is contained in the” firſt fix chapters of the book of Gene- 


fis; three of which being employed in the hiſtory” of the 
creation, and of the fall of man; and a fourth containing 
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from Adam to Noah; it cannot reaſonably be expected, 
that the other two ſhould enable us to trace the various 
ſteps by which the human intelleQ advanced in the culti- 
vation of arts and ſciences, or to aſcertain, with much 
precifion, the time when any of them was firſt introduced 
into the world. It is fomewhat remarkable that from this 
account, ſhort as it is, the chemiſts ſhoul4 be authorized, 
with ſome propriety, to exalt the antiquity of their art to 
the carlieſt times. Tubal-cain is there mentioned as an 
inſtructor of every artificer in copper and iron . This cir- 
cumſtance proves beyond diſpute, that one part of metal- 
lurgic chemiſtry was well underſtood at that time, for 
copper and iron. are of all the metals moſt dificultly ex- 
tracted from their orcs, and cannot, even in our days, 
be rendered malleable without much ſkill and trouble; 
and it proves alſo that the arts in general were in an im- 
proved ſtate amongſt the antediluvians. It is ſaid, in- 
deed, that ſome tribes of Hottentots (who can have no 
pretenſions to be ranked amongſt the cultivators of the 
arts) know how-to melt both iron and copper +; bur this 
knowledge of theirs, if they have not derived it from an 
intercourſe with the Europeans, is a very extraordinary 


a more advanced ſtate of civilization than the Hottentots 
have yet arrived at. But not to dwell upon this; Cain we 
know built a city, and ſome would thence infer that me- 
wh nawix wh before the time of Tubal-cain, and that 

is celebrated for his ingenuity in fabricating 
them for domeſtie purpoſes. Hiſtory ſeems to ſupport our 
pretenſions thus far. As to the opinion of thoſe who, too 
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8 CHEMICAL ESSAYS. 
ris which angels paid to the fair daughters of men, we in 
this age are more diſpoſed to apologize for it than to adopt 
it. We may ſay of arts what the Roman hiftorian has 
— — ut, miſcenda bu- 
mana divinis, primorita artium auguſtiora facrat h. 
For many ages after the flood we have no certain ac- 
counts-of the ſtate of The art of making wine 
indeed; was known, if not before, ſoon aſter the deluge; 
this may de wolleRed "from! the intoxication of Noah ||, 
i - quality in the unfermented 
were ſkilled in the 


the body of Jacob . They praBilcs allo the arts of dy- 
on of mukmg coloured Lab at's very" early period 3 
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to the obſcure accounts which are given of the two great 
Egyptian philoſophers, Hermes the elder, fuppoſed to be 
the ſame with Mizraim grand-ſon of Noah; and Hermes 
ſurnamed Triſmegiſtus the younger, from whom chemiſ- 
try has by ſome been aſſectedly called the Hermetic art. 
The chemical ſkill of Moſes, difplayed in bis burning, 
reducing to an impalpable powder, and rendering potable 
the golden calf in the wilderneſs, has been generally ex- 
tolled by writers on this ſubject; and conſtantly adduced 
as a proof of the then flouriſhing ſtate of chemiſtry amongſt 
the Egyptians, in whoſe learning he is ſaid to have been 
well verſed. If Moſes had really reduced. the gold of 
which the calf confiſted, into aſhes, by calcining it in the 
fire; or made it any other way foluble in water, this in- 
ſtance would have been greatly in point; but neither in 
Exodus nor in Deuteronomy where the ſact is mentioned, 
is there any thing ſaid of its being diſſolved in water. The 
enemies of revelation on the other hand, conceiving it to 
be impoffible to calcine gold, or to render it potable, 
have produced this account as containing a proof of the 
want of veracity in the facred hiſtorian. Both fides feem 
to be in an error; Stahl and other chemiſts have ſhewn 
poſſible to make gold potable, but we have no 
reaſon conclude that Moſes either uſed the proceſs of 
Stahl, or any other chemical means for eſſecting the pur- 
poſe intended—be took the calf which they bad made, and 
burnt it in the fire, and ground it ta powder, and firewed it 
Eg and made the children of Iſrael to drink of 
. Here is not the leaſt intimation given of the gold 
dillolved, chemically ſpeaking, in water; 
ped or, as the Arabic and Syriac 
ri Ed into a fine duſt, and thrown into 


the river of _which the children of Iſrael uſed to drink: 
part of the gold would remain, notwithſtanding its greater 
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ſpecific gravity, ſuſpended for a time, (as happens in the 
waſhing of copper and lead ores,) and might be ſwallow- 


ed in drinking the water, the reſt would fink to the bot- 
tom, or be carried away by the flux of the ſtream. 
Nevertheleſs, though nothing ſatisſactory can be con- 
cluded concerning the Egyptian chemiſtry from what is 
ſaid of Moſes in this inſtance, yet the ſtructure of the 
ark, and the faſhion of Aaron's garments, clearly indicate 
to us that the arts of manufacturing metals, of dying 
leather red, and linen blue, purple and ſcarlet ; of dif- 
tinguiſhing precious ſtones, and engraving upon them, 
were at that time practiſed in a very eminent degree. 
The Ifraclites had unqueſtionably learned theſe arts in 
Egypt, and there is great reaſon to ſuppoſe not only that 
learning of every kind firſt flouriſhed in Egypt, but that 
chemiſtry, in particular, was much cultivated in that 


oy my = gee gr lg cages roar 
the g Pliny in ſpeaking of the four periods of 
le which had preceded the times in which he lived, 


rede Egyptian the firſt: and Suidas, who is 
thought to have lived in the tenth century, informs us 
that the Emperor Diocletian ordered all the books of che- 
miſtry to be burned, leſt the Egyptians learning from 
them the art of preparing gold and filver, ſhould thence 
derive reſources to oppoſe the Romans . It is worthy of 
notice that Suidas uſes the word chemiſtry in a very re- 
ſtricted ſenſe, when he interprets it by—the preparation 
of gold and filver but all the chemiſts in the time of 
Suidas, and for many ages before and after him, were 
alchemiſts. The edi& of Diocletian in the third x 
had little effect in repreſſing the ardour for this ſtudy in 
any part of the world, fince we are told that not leſs than 
five thouſand books, to fay nothing of manuſcripts, have 

been 


© Exod, zzvi. and xzviiii, 
+ Lexicon, Vox .. 


CHEMICAL ESSAYS. 7 
been publiſhed upon the ſubject of alchemy ſince his 


time | 
. 
ſpecting the tranſmutation of the baſer metals into gold, 
began to be diſtinguiſhed by the name of alchemy, can- 
not be determined. An author of the ſourth century, in 
an aſtrological work, ſpeaks of the ſcience of alchemy as 
well underſtood at that time; and this is ſaid to be the 
firſt place in which the word alchemy is uſed . But 
Voſſius aſſerts, that we ought in the place here referred to 
inſtead of alchemia to read chemia|| : be this as it may, 
we can have no doubt of alchemia being compounded of 
the Arabic a/ (the) and chemia, to denote excellence and 
ſuperiority, as in al-manack, al-koran, and other words. 
Whether the Greeks invented, or received from the 
metals, or whether the Arabians were the firſt who pro- 
feſſed it, is uncertain. To change iron, lead, tin, cop» 
per, quickfilver into gold, ſeems to be a problem more 
likely to animate mankind to attempt its ſolution, 
either that of ſquaring the ciagle, or 
perpetual motion; and as it has f 
perhaps never can be proved to be an bl problem, i 
ought not to be eſteemed a matter of wonder, 
firſt chemical books we meet with, are 
employed in alchemical inq 


uiries. | 
Chemiſtry, with the reſt of the ſciences, being baniſh- 
ed from the other parts of the world, took refuge among 
the Arabians. Geber, in the ſeventh, or as ſome will 
have it in the eighth, and others in the ninth century, 
wrote ſeveral chemical or rather alchemical books in Ara- 
bic. In theſe words of Geber are contained fuch uſeful 


FJ Chem, Waller, P. 40. 
t Jul, Fermi. Mater. Aſtronomicom. Lib. 3. c. 15. 
| Voſs. Etymo, Ven Alchemia, 
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that the reaſon of paſſing this act was not an apprehen- 
fion leſt men ſhould ruin their fortunes by endeavouring 
to make gold, but a jealouſy leſt government ſhould be 
above aſking aid of the ſubject. After Raymund Lully, 
and Sir George Ripley, had fo largely multiplied gold, the 
lords and commons, conceiving ſome danger that the re- 
gency, having ſuch immenſe treafure at command, would 
be above aſking aid of the ſubject, and might become 
too arbitrary and tyrannical, made an act againſt multi- 
plying gold and filver +.” This act, whatever might be 
the occafion of paſſing it, though it gave ſome obſtruction 
to the public exerciſe of alchemy, yet it did not cure the 
diſpoſition for it in individuals, nor remove the general 
credulity ; for in the 35 H. 6. Letters Patent were grant- 
ed to ſeveral people, —— to in- 
veſtigate an univerſal medicine, and to perform the tranf- 
mutation of metals into real gold and filver, with a non- 
obſtante of the forementioned ſtatute, which remained in 
full force till the year 1689, when being conceived to 
operate tothe dilcouragement of the mekring and refining 
3 tenor ants PK 


| —ͤ— following the ſteps of Beste Valentine, 
and growing famous for curing the venercal diſeaſe, the 


leproſy, and other virulent diſorders, principally by the 
means of mercurial and antimonial preparations, wholly 


rexeQted the Galeaical pharmacy, and ſubſtituted in its 
ſtead 


R 
1 Mr. Boyle is ſaid by his intereſt to have * 
peal of this ſingular ſtatute, and to have been probably indue- 
ed thereto, in conſequence of his having been perſuaded of 
the poſſibility of the tranſmutation of metals in gold, See his 
— tg 4 
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ſtead the chemical. He had a profefior's chair given him 
by the magiſtracy of Baſil, was the firſt who read pub- 
lic lectures in medicine and chemiſtry, and ſubjected 
animal and vegetable as well as mineral ſubſtances to an 
examination by fire. 

It ſeldom happens that a man of but common abilities, 
and in the moſt retired ſcenes of life, obſerves ſuch a ſtrict 
uniformity of conduct, as not to afford prejudice and par- 
tiality ſufficient materials for drawing his character in dif- 
ferent colours; but ſuch a great and irregular genius as 
Paracelſus, could not fail of becoming alike, the ſubject 
of the extremes of panegyric and ſatire. He has accor- 
dingly been eſteemed by ſome, a ſecond Eſculapius; others 
have thought that he was poſſeſſed of more impudence 
than merit, and that his reputation was more owing to 
the brutal fingularity of his conduct, than to the cures 
he He treated the phyſicians of his time, 
them, that the very down of his bald pate had more know- 
ledge than all their writers, the buckles of his ſhoes more 
learning than Galen or Avicenna, and his beard more ex- 
perience than all their univerſities . He revived the ex- 
travagant doQrine of Raymund Lully, concerning an 
univerſal medicine, and untimely funk into his grave at 
the age of  forty-ſeven, whilſt he boaſted himſelf to be 
in poſſeſſion of ſecrets able to prolong the preſent period 
of human life to that of Antediluvians. 

But in whatever eſtimation the merit of Paracelſus as a 
chemiſt may be held, certain it is, that his fame excited 
the envy of ſome, the emulation of others, and the in- 
duſtry of all. "Thoſe who attacked, and thoſe who defend- 
ed his principles, equally promoted the knowledge of che- 
miſtry ; which from his time, by attraQing the notice of 

phyfici- 

„ Nie hook: entities Prengranam, where there fo 
more in the ſame ſtile, 
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Soon aſter the death of Paracelſus, which happened in 
the year 1541, the arts of mining and fluxing metals, 
which had been practiſed in moſt countries from the earlieſt 
times, but. had never been explained by any writers in a 
ſcientific manner, received great illuſtration from the works 
of Georgius Agricola, a German phyſician. The Greeks 
the ſubject, and though a book or two had appeared in the 
German language, and one in the Italian, relative to me- 
tallurgy, before Agricola publiſked his twelve books De Re 
Rr 
putation in that branch of chemiſtry. 
Lontous Rechern (allopematicr gence of he expire of 
Germany) followed. Agricola in the ſame purſuit. His 
works were firſt publiſhed at Pra cue in 1574, and an En- 
gliſh tranſlation of them by Sir John Pettus, came out at 
London in 1683. The works of Agricola and Erekern 
are ſtill highly eſteemed, though ſeveral others have been 
publiſhed, chiefly in Germany, upon the fame ſubject 
ſince their time. Amongit theſe we may reckon Schind- 
kr's Art of Aſſaying Ores and Metals; the 
works of Orſehall; the works of Henckell; of Schutter ; 
of Cramer; of Lehman; and of Gellert. Germany, in- 
deed, has, for 2 long time, been the great ſchool of me- 
tallurgy for the reſt of Europe; and we, in this coun- 
try, owe the preſent flouriſhing condition of our mines, 
eſpecially of our copper mines, as well as of our brafs ma- 
nufactory, to the wiſe policy of queen Elizabeth, in grant- 
ing great privileges to Daniel Honghſetter, Chriſtopher 
England, in order to inſtruct her fubjeQs in the art of 
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towards the middle of the 
chemiſtry began to be 
' philoſophical manner. 80 
ingenious perſons in Low- 


ciety in 16623 and before that time, by the removal of 


ſome of the original members to Oxford, fimifar meetings 
were held there, and thoſe ftudies brought into repute in 


ſon in the Oxford meetings: he publiſhed at that place his 
Sceptical Chemiſt, in 166, and, by . his various writings 
and experiments, greatly contributed to e 
into England a taſte ſor rational chemiſtry. 
Next to Boyle, —ů̃ ne" /chiewit, 
ſtands his the unfortunate Beccher, whoſe 
Phyfica Subterrancs, juſtly intisſed dn fine puri, was firſt 
publiſhed in 1669. A ſter having ſuffered various perſe- 
cutions in Germany, he came over into England, ant 
died at London in 1682, at the age of 57. He refided 
ſome time before his death in Cornwall, which he calls the 
mineral heel; owning that from u teacher, he was there 
become 2 frarner. He was the author of many inprove- 
ments in the manner of working mines, and of | 
metals ; in particular, he firſt introduced imo 
dre nee On 
ot OE ye OR.) | 4 — 

1 | _ Lemery's 


* WW . Abeersle at Traco in 
Cornwall, in 16832, . lis death. In bis dedica- 
tion of PSS 
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Lemery's very accurate courſe of practical chemiſtry 
appeared in 1675. Glauber's works had been publiſhed 
at different times, from 1651 to 1661, when his tract, en» 
titled Philoſophical Furnaces, came out at Amſterdam. 
Kunckel died in Sweden in 1702 : he had practired che- 
miſtry for above 50 years, under the auſpices of the Elec- 
tor of Saxony, and of Charles XI. of Sweden. He 
wrote his chemical obſervations in the German language, 
but had them tranſlated into Latin in the year 1677 ; the 
tranſlation is dedicated by its author to our Royal So- 
ciety. They were afterwards tranſlated into Engliſh in 
1704- Having had the ſuperintendency of ſeveral glaſs- 
houſes, he had a fine opportunity of making a great va- 
riety of experiments in that way ; and I have been in- 
formed by our enamellers, and makers of artificial gems, 
that they can depend more upon the proceſſes and obſer- 
ſame ſubject. The chemical labours of theſe and many 
other eminent men, too numerous to' mention , were 
greatly forwarded by the eſtabliſhment of ſeveral ſocieties, 
ſor the encouragement of natural philoſophy, which took 
place in various parts of Europe about that period. - 
 -The Philoſophical Tranſactions at London, the Hi- 
floire de Academie Royale des Sciences at Paris, the 
n . a ni ann Sw 
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fundendi, Cornubiz haQenus incognitus, ſed a me introduftus,” 
— This account which Beceber gives of himſelf, is not quite 
agreeable to what is advanced by an author every way qualifi- 
ed te come at the truth of this matter. Neceſſity at laſt 
ſuggeſted the introduQtion of pit-coal for the ſmelting of tin 
ore ; and among others, to Sir Bevil Granville of Stow in this 
county, temp. Car. I. who made ſeveral ; 
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Saggi d Eſperienze di Acad. del. Cimento at Florence, 
the Journal _des Scavans in Holland, the Ephemerides 
Academiz Nature Curioſorum, in Germany, the Acts 
of the Academy of Copenhagen and the Ada Exudito- 


rum at Leypfic ; all theſe works began to be publiſhed 
within the ſpace of twenty years, from 1665, when our 


the works of the Academies of / Berlin, Peterſburgh, 
Stockholm, Upſal, Bononia, Bourdeaux, Montpelier, 
Gottingen, and of feveral others which have been eſta- 
dliſhed within the conrſe of the preſent century. Near a 
thouſand volumes have been publiſhed by theſe learned 
ſocieties within leſs than 120 years. The number of facts 
which ate therein related reſpecting chemiſtry, and every 
other branch of natural philoſophy, is exceedingly great; 
but the ſubject is ſtill greater, and muſt for ever mock the 
_ efforts of the human race to exhauſt it! Well did Lord 
| Bacon compare natural philoſophy to a pyramid | Its ba- 
is indeed the hiſtory of 'natare, of which we know 2 
Alttle;—and conjecture much: but its top is, without 
doubt, hid high among the clouds. It is © tbe work which 
aa 922 2 
inſerutabfee. 

y e Mete which has bees incidentally thrown upon 
various parts of from thoſe vaſt undertakings of 
- public focietics, '2s well as from the more expreſs labours 
-of Stahl, Newman, Hoffman, Juncker, Geoffry, Boer- 
'haave, and of many others equally worthy of commen- 
men by the theoretic conclafions and ſyſtematic divifi- 
ons which have been incroduced into it ; from the didaQic 
| manner in which the ſtudents of this art Rave been in- 
ſtructed in every medical ſchool; chemiſtry has quite 
changed its appearance. "Tt is no longer confidered mere- 
ly in à medical view, nor reſtricted to ſome fruitleſs efforts 
2 KK Wes Wes 
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before he can become a chemiſt. On the other hand, 
the artiſts themſelves are generally illiterate, timid, and 
bigotted to particular modes of carrying on their re- 
ſpective operations. Being unacquainted with the learn» 
ed, or modern languages, y ſeldom know any thing 
of new diſcoveries, or of the methods of working prac- 


Metallurgy in particular ic r, though one of the moſt anci- 
ent branches of chem 


much la- 


not be converted into malleable metals, without 
| deu 


c 
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bour, and a great expetice of” filel; it is very probable, 
that by a well · conducted ſeries of experiments, more corn- 
pendious ways of working theſe minerals might be found 
out. In our own times three new metallic ſubſtances have 
been diſcovered'®, and their properties abundantly aſcer- 
tained by experiment ; and it may reaſonably be conjec- 
tured, that future experience will yet augment their num- 
ber. "Till Marggraf ſhewed the manner of doing it, no 

metallic ſubſtance could be extracted from calamine, and 
all Europe was fupplicd with zincÞ either from India or 
from Germany. A manufaQory of this metallic fub- 
ſtance has not many years ago been eſtabliſhed in our own 
country, and the copper works near Briſtol have ſupplied 
Birmingham with zinc extracted from calamine. Black- 
jack was not Tong fince employed in Wales for mending 
the roads ; its value is not yet generally known in Derby- 
ſhire; but it is now well underſtood by ſome individuals 
to anſwer the purpoſe of calamine for the ing of 
braſs}. Monf. Von Swab in 1738, was, I believe, the 
firſt perſon who diſtilled zinc from black-jack |]; and 2 
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+ Zinc is u merallic ſubſtance, of — eud ; wht | 
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ores, cawk, kebble, and other mineral ſubſtances, which 
are now thought to be uſcleſs, may ſome time or other, 
perhaps be applied to good ;purpoſe. Cawk and kebble, 
eſpecially in Derbyſhire, and which are univerſally thrown 
away, may, perhaps, be nothing but diſſerent kinds of 
ſpar, and deſtitute of all metallic matter® ; yet it may 
not be improper to remark, that the external 
of the yellowiſh cawk is wholly fimilar to that of caltin- 
ed beck Farb. That it is much of the ſame weight is 
blaek-jack,” may appear from the annexed table: 
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_ In = word, the of metallurgy 


in Saxony and other places; and 4s mines and 
manuiaQures ate to the full as 


Legillature of the Britiſh nation +. 
-—S 2 ESSAY 


1 The reader who wiſhes to become more fully cquaintetd 
Dich the Mey of chemiltry, may conuful what Bortichins 
has ſaid in his Dilſertation de Ortu et Progreſs Chemiz, pub- 
| liked at Copenhagen in 16683 and in his book eacitled 
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is a en 6 as eas 
account of the principal terms and uſed in che- 
miſtry, will, perhaps, be more troubleſome to the reader, 
than any other which I ſhall have occafion to write: but he 
muſt not be diſcouraged, nor "conceive a diſguſt againſt 
the ſcience itſelf, from an inconvenience. necefiarily at- 
tending all ſciences. Chemiſtry has as few technical terms 
belonging to it, as navigation, law, medicine, or any 
other art or ſcience, which may have chanced to engage 
his attention. The more-ancient chemiſts, indeed, were 
fond of coining abſtruſe terms, and frequent in the uſe 
FA 
n 


uy Of bung . fn. 


711% ² AA 
25 ſolid a body- as a diamond, yet in the common accep- 
tation, of the word ſolidity, we conſidered it as oppoſed to 
fluidity. Natural philoſophers have agreed” to call that 
principle, by which the conſtituent parts of ſtones, glaſs, 
err Auras 


oc et Chemicorum ſapientia ab Hermanni 
Couringii animadverfionibus vindicata, publiſhed at the ſame 
place in 1674 · He will alſo. find ſamething worth his notice 
on this. fubje@&.in , Boerhaave's Chemiſtry ; and in a work of 
Wallerins, called, Chemia Phyſica Pars Prima, publiſhed at 
Kiockbolm, in 260 where .thers+ is an uſeful, catalogue of 

tba mot approved writers on the various parts of chemiſtry. 
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fire, is the cauſe of their ay. e principle of 
fire unknowns; becauſe, though its eſſects are ſufficientiy 
manifeſt, the table of it is wholly queſtionable. But in 
ror manner fre may be were ee exert duenne. 

it ſcenjs to be the great inſtrument of fluidity upon the 
e Wü 4 ceitain degree of heat, 
„ ſpirits of wine, oil, quickfilver, aud perhaps the 
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earths, ſalts, and oils. Thoſe bodies which hy heat ſuffer 
no-diminution of their weight, ate ſaid to be fand, and 
| thoſe which do loſe of their weight, are ſaid to be polatilc ; 
and they are ſaid to be more or leſs volatile, according a3 
a leſs. or a greater degree. of heat is requiſite for pro- 
It is obvious, that 
hes, folid as well as fluid ; 
phere is ſufficient to diminiſh 
nd artificial applications of ſuperior 
of heat, that of many more. But it is nat ger- 
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debted to the Emperor Francis I. for this experiment. | 
rr 
rina, into different veſſels, and - expoſed them ta 8 violent 
Gre. for twenty-four bours: af the end _of that time the 
veſſels wers taken out of the fire and and there 
was not remaining the leaſt veſtige of the diamonds, the 
whole bad been u bong oor fo 
have undergone no fort 8 with reſpect ta 
. nn. ber e 4 


| wee ee abe eee . 
wa® ia the notes annexed; to Henckel's Works, publiſhed at 
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When ſolid or fluid bodies fuffer 2 diminution of their 
weight, the parts which become volatile, and fly away 
are faid to be evaporated, laat, held; for theſe 
three terms are often uſed , though it would 
be an eaſy matter to diſtinguiſh | them. The parts them- 


parated from all guide (except quickfivet) and the wa- 
tery parts of folid bodies: or they ate dry; ſuch are the 
volatile parts ſeparated from marble or chalk, the 


burning of nme, from volatile falts, and refins of va- 
rious kinds, by the heat of the atmoſphere. The terms, 


cold froſty weather, are often more 
ing the eva 


EE fe ra ces fork, 


greateſt heat of the ſun in ſummer. The ſuper- 
ficiat..parts of fluids are the only ones which are evapo- 
rated either by heat or air; and hence, in fimilar circum- 


brine is 
which ſea- 
fame 
e to ſugar-bakers, confeQioners, and other artiſts who 
are under the neceſſity of evaporating large quantities of 


water. However, as a fluid contained in a deep veſſs 
2 


4 


— 
as 
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„ W M. Baume, Vol. L 
P. 105. | Ang ee of is exclia york i. 
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quantity evaporated from the ſhallower veſſels in conſe- 
quence of its larger ſurſace. It might, perhaps, be an 
Aol problers_to_ determine, by more, nccurate. experi 
ments than any which have been hitherto made, the 
length, breadth, and depth of 4 veſſel, which, with the 
conſumption of a definite quantity. of fuel, would evapo- 
rate the greateſt poſſible quantity of any fluid in 2 cer- 
tain time. PoE 1 ? an. TECTED STE 


2 
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and col- 


wers 2 


ers, or ſublimate, 5 as it is of a,powdery or oon · 
fitent appearance. During the ſmeking of lea ore, that 
impalpable ſubſtance which iſſues out of the chimmey of 


% 


„ 


CHEMICAL ESSAYS. 25 


the furnace, and falling upon the adjoining grounds, ren 
ders the graſs unwholeſome for cattle, may properly be 


called the flowers of lead ore. This diſtinction between | 
diffillation, as colle ding the fluid, and fublimatiqn, as 
collecting the ſolid parts of bodies, is not always ſcrupu- 
_ louſly eee 
filltion of fulphar, and of other bodies whoſe volatile 
parts are dry. 

The. chemie uſually diftinguiſh diffillation into three 
kinds, according to the different manners in which the di- 
filled vapour is collected. The vapour in all caſes flics 
from the fire : hence, when. the fire is. placed above. the 
veſſel which contains the matter to be diffilled, the va- 
pour, in eſcaping from the fire, pill end, and. ing 
colle&ed in a proper yellel, the diſtillation is ſaid-to 
made per deſce by deſecnt. When the fire is 
under the veſſel containing matter to be diffilled, the var 
Dam , and the diſtillation is; called per aſcenſum, 


the common manner of low 
and fpirits.. \Befides theſe two kinds of diſtillation, 
ther xt, 
from the form the 
filled js put. Tun eil is bent and hollow, 


uſually. takes its — 2 
Al in which the matter to be : 


called. by the French a 8 


teſembling in ape a bullock's Pon: K. is fm ene 
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to the degree of heat to which they are to be expoſed. 

""It is not certainly known when, or by whom, the A 

of COD firſt found out. ene foo 
any informs us, ' that about” the 


Gel | * 
en ſeems probable that 
Te een. e 


is ore, and be calls that pant i 
the fublimed quĩck er e 8 ib = 


ee "pr Me have fur- 
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niſhed him with a complete inſtrument for diftilhng, as 
R But no one who confiders how neat 

cients were to the diſcovery of printing without 
finding it our, can be ſurprifed at their knowing ſublima- 
tion, and at the ſame time being ignorant of diſtillation z 
for that Diaſcorides was ignorant of dhe art of diltilſing, 


may be reaſonably conjeQured, when we confider the fad 

ift * to in order to collect an oil which aroſe 
ol F 
Was boiled, and 


SLY” POO 
bs not 


er de ek te 
. the more ancient Greeks 


— Bontiakine,. Hermatis or 
'* 136. The word Chemis firſt occurs 
in the works of this Zofimus, He ſays, though one may won- 
der whence be got his information, that it was in — 


28 CHEMICAL e dye 


a The word phlegm uſually denotes the moſt watery parts 
of bodies, and when theſe parts are ſeparated, either 
wholly, or in à great degree, either by diffillation or 
ſublimation, the bodies, be they ſolid or 84, are ſaid 
to be dephlegmated. When the watery parts of any cm. 
pound fluid, are by any means taken away, the remain 
ing parts approach nearer to each other, arid may on 
that account be faid to be concentrated ; though the term 
concentration is chiefty applied to the ſeparation of water 
from acid liquors. It frequently happens that the produfts 
obtaincd by one operation, are nor ſufficiently pure and 
homogeneous, and that a ſecond or third jon de 
MS Koons ner Bars 0 wal thaw 3 peck 
form s this proceſs of pariing the fame. hody; how ohen 
ſocer it be repeated, is called redfication. | E 175 
beat of an od, or volatile fakt, eight or ten tynes rec 


- Ae = 10 n.. 
he (ynopymous 3 ad indeed home's, Ga 
cuouſiy- Thus EPS. vinous ſpirits, a1 

a det is 
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b A NIN, Bene The 
Arabie* tongue, "according to-Bockath, * (furniſhes. us with the 
word Lan fi ; Condealitieat,- und thenee be derives Chor 
ig,-rather thas from Cium the: tiebrew rost. Egypt is called 
by Plutarch in  Chemia, which Ortelius ep for 
"Chamia, from Cham the fon of Noah. As the Arabians do 
not always copy exactly the proper names they borrow from 
the Hebrew ; may it n6t be conjeQured, that the Arabic” ems 
fgnifying; concealment; was introdused into. thei 
from the: ſecret and bieroglyphic manner, in which the prieſis 
— 72 — concesled their knowledge of Chemiſtry 
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the water contained in theſe fluids being frozen and taken 
away in the form of infipid ice, the remaining fluids be- 

Of the degrees of beat commonly uſed in chemiſtry. 

From what has been ſaid relative to the fixity and vola- 
tility of bodies, it may readily be conceived, that the ope- 
rations of diſtillation, and ſublimation, by which the vo- 
latile parts of. bodies are collected, will require different 
degrees of heat, according to the nature of the body 
whoſe. parts ate to be diſtilled or ſublimed. It would be 
endleſs to enter into all the fancies and contrivances of 
chemiſts upon this ſubject; yet there are four modes of 
applying heat, which, though they are not ſo well defined 
that the degree of each can be accurately aſcertained, 
ought to be particularly noticed, —tbe beat of boiling water; 
—a ſand heat ;5-—a naked fire heat and a ſolar beat. 
Water, highly rectified ſpirits of wine, and other ho- 
mogeneous fluids, cannot be heated in open veſſels, and 
in a given ſtate of the air beyond a certain degree peculiar 
to each. As ſoon as they fully boil, no continuance or 
increaſe of fire can communicate to them any increaſe of 
heat; hence a veſſel, containing a body to be diſtilled, 
being expoſed to the action of boiling water, all the parts 
of the body which are volatile, with the degree of heat in 
which water boils, 6 body ®, and 
may 


This obſervation is not, probably, perfeflly jult—lt is « 
very remarkable phenomenon, that a veſſe] containing water 
will never bail, how long ſoever it be expoſed to the action of 
bailing water, The reader may convince bimfelf of this by an 
eaſy experiment. Fill a common bottle with water, put the 
bottle thus filled into = pan of water, ſo that the mouth of the 
bottle may be a little above the water in the pan ; ſet the 
pan on the fire, and when the water in the pan boils in the 
moſt violent manner, 6 
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may be collected in proper veſſels, whilſt the other parts, 
the body conſiſts of different principles, will remain at 
the bottom of the veſſel. This heat of boiling water is 
one of the moſt definite degrees known. im chemiſtry 3 
there are many delicate operations, eſpecially on vegeta - 
bles, in which t would be improper to uſe fo great a heat 
as that of boiling water 3 but it is not neteflary to enlarge 
upon this obſervation in this place, Boiling mercury, boil- 


boiling copper, would afford other definite de- 


thickens in boiling, and thereby becomes hotter as the 
more ſubtle parts are diſperſed. | 

There ate many bodies, and parts of bodies, which 
cannot be rendered volatile by the heat of boiling water; 
theſe are uſually diſtilled by immerſing the veſſel contain- 
ing them in ſand, and applying the fire To as to heat the 
fand ; for the ſand gradually communicates its heat to the 
veſſel which it touches: the ſand is put into an 
iron pot; it is evident, that the fire which is employed 
to heat the pot, may communicate any degree of heat to 
the ſand, from the ſmalleſt, to that which is ſufficient to 
melt the iron, ſo that it would no longer hold the fand.— 
When the heat is communicated to the vellel, contaming 
the body to be diſtilled, through any medium, as that of 
boiling water, or hot ſand, the body is ſaid} to be died 
in a water bath, or ſand bath, . 


boil, and if its heat be examined by = thermometer of Pres- 
heit's ſcale, it will not be found to amount to above 202 de- 
grees, whilſt that of the boiling water in the is 212 de- 
grees, Hence it ſhould feetn, chat bodies, diftilted in veſſels 
expoſed to the action of boiling water, dowot experience the 
hear of boiling water. This is mentioned from 
Burtholin's Acta Medica, in the Philof, Tranſ! for 1673, No. 

ee alſo Profeſſor Braun's Exper. Nov. Comm. 
om. XII. p. 289,and Rozier's Journ. 1773. 
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to call the medium, ſerving for the communication of 
heat to the diſtilling or ſubliniing veſſel, a bath 3 amd fr 
merly, befides water and ſand, they uſed vapour, iro 
filings, wood aſhes, &c. for this purpoſe. 

When neither the heat CCL hers, wor erin 
and, is ſufficient to ſeparate the volatile parts of a body 
from the remainder ; the veſſel containing the body is e- 
poſed to a naked fire; that is, it is furroanded with burn- 
ing fucl, and by a contrivance in the ſtructure of the Fur- 
nace, the flame of the ſuel is often made to reverberate up- 
on it. This degree of heat is alſo indefinite; it may be 
augmented, by bellows and other means, to ſuch a pitch 
as to melt the furnace containing the ſuel, or the veſſel 
containing the body to be diſtilled. The degree of heat 
which may be excited in furnaces is very 
great, yet it is far inferior to that of the ſun's rays when 
collected into a focus by a burning glaſs or ſpeculum : the 
force of this ſolar heat cannot, perhaps, be ſubje& to any 
E FRO COP oy cf Don 
EI TORI 


nn e and Av ili. 


When the parts of -a ſolid body, as common ſalt or ſu- 
gar, are ſo united to a fluid, as water, that they compoſe 
with it an apparently homogeneous fluid, remain ſuſpend- 
ed in it, and do not deſtroy its tranſparency, the ſolid bo- 
dy is ſaid to be «ſolved in the fluid 5 the operation is cal- 
led at ; the fluid, being looked upon as the principal 
agent in diſſolving the body, (though all action is mutual 
and equal) is called the ſaluent, or more commonly, ac- 
2 indelicate ideas of the alchemiſts, 

the menſfiruam; the compound reſulting from the union of 
the fluid and the body, is called a ſalutiam of this or that 
body, in this of that Thus we ſpeak of a ſolu- 
tion of common fait or ſugar in water, of a ſolution of 
. 


7 
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of filver in aqua fortis, and ſo on. The term ſolution is 


alſo ſometimes applied to the union of two fluids ; thus the 


air is ſaid to be diſolved in water, becauſe all natural wa- 
ter contains air; and water is ſaid to be diſſolved in air, 
becauſe the moſt tranſparent air contains a conſiderable 
portion of water: thus alſo various forts of oils are ſaid to 
be diflolved in ſpirits of wine. And laſtly, ſolution is ap- 
plied to the union of two ſolid bodies: thus glaſs is a com- 
pounded body refulting from the mutual ſolution of an 

I It may be worth while to explain, a little more fully, 


the firſt and moſt obvious notion of ſoluti 3 that in 


which a ſolid body is united to a fluid. If you take an 


- 


falt as it is able to do. For if you add another ounce of 
falt, that alſo will be difolved, but not quite ' ſo ſpeedily 
as the firſt; and that will alſo be uniformly diffuſed 
through the whole body of the water, ſo that each drop of 
water will now contain twice as much falt as it did be- 
fore. This power which the water has of taking up and 
Keeping ſuſpended the particles of faſt is not unlimited ; 
you may add ſo much ſalt to it, that it will not diſſol ve 
one particle more: the water in that ſtate is properly 
enough ſaid to be ſaturated. All other menſtruums are 
likewiſe ſaid to be ſaturated, when they will not take up 
and keep ſuſpended any more of the body diſſolved in 
them: thus a pint of ſpirits of wine will only take up 


pentine will only keep diſſolved a definite portion of ſul- 
Phur ; and a pint of aqua fortis will be fo ſaturated with 
7 kg EY a definite 


a definite proportion of camphor;. a pint. of oil of tur- 


— _— . — as a 1 unn a — 


CHEMICAL ESSAYS 33 


a definite portion of filver, that it will have ne fort 
Ons op rs. os Mpgre—e cg 
it. * 

We do not know either the fize or the ſhape of the 
particles of water, nor whether they are contiguous to 
each other, nor how they come to attract the 
of ſalt more ſtrongly than they attract each other; but 
it is, notwithſtanding, to this prevalent attra#ion, that 
we attribute the folution of the falt in water, and of 
every other body in its proper menſtruum. We are cer- 
tain that every particle of water attraQs to itſelf, and 
keeps ſuſpended a particle of falt, of a definite weight 3 
_ otherwiſe an equal number of theſe particles, eonſtituti 
drops or particles of equal bulks, would not have eq 75. 
weights, nor contain equal quantities of falt, 3 
are certain they do. Now & we fuppole e particle 
of water to be evaporated, or any how taken away from 
a ſaturated folution of falt, then the particle of ſalt which 
was kept ſuſpended by the attraction of that particle of 
water, muſt of neceffity have a tendency to fall down to 
the bottom ; becauſe every other particle of water, being 
ſuppoſed to have as much falt united to it as it is able to 
ſuſtain, can contribute nothing to its ſupport ; and if in- 
ſtead of. one particle of water we ſuppoſe a thouſand, or 
ten hundred thouſand to be evaporated, then will a thou- 
ſand, or ten hundred thouſand particles of falt be left 
without any . ſubſtance to ſupport them ; and having no 
ſurrounding fluid to hinder their mutual attractions from 
taking place, they will coaleſce together upon the ſurface 
of the ſolution from which the water has been evaporated, 
and by their union conſtitute a ſaline pellicle, which will 
be viſible to the naked eye. This pellicle, as ſoon as it 
becomes heavy enough to overcome the tenacity of the 
fluid upon Which it floats, will by its gravity deſcend from 
the ferns rae — 


34 CHEMICAL ESSAYS. 

veſſel containing the ſolution; or, meeting with aſpe- 
rities on the fides, it may attach itſelf in part to them. 
But the taking away a part of the diſſolving fluid is not 
the only means by which the particles of the diſſolved 
body may be made to unite : there is another, and, in 
many inſtances, full as efficacious a one, the taking away 
3 os Gi, but of the heat of the diſ- 
ſolving fluid. Thus if you put into a quart of boiligg 
water as much falt-petre as it will diſſolve, and, filling a 
bottle with the boiling ſolution, inſtantly cork it up; then 
you are ſure that no part of the water can eſcape 5 and 
if the diminution of the quantity of a menſtruum was 
the only way by which the parts of the diſſolved body 
could be made to unite, then would the particles of the 
diffolved ſaltpetre, in this inſtance, not unite at all, fince 
there can be no diminution of the quantity of the diſ- 
ſolving water: you will, however, on the contrary, ob- 
ſerve the particles of the ſalt coaleſcing together, as the 
ſolution grows cold, and forming large and regular cry- 
ſtals.— The word cryffa is derived from the Greek words 
cryes, froſt, and fella, to contract. The ancients ſup- 
poſed a particular mineral, known by the name of rock 
cryſial, to be nothing but congealed water. This mineral 
is of a determined angular figure ; and hence all ſalts and 
other ſubſtances which, from being diffolved in menſtruums, 
or fuſed in fire, concrete into regular figures, are faid to be 
There are a great many circumſtances relative to the 
manner in which different falts chryſtallize, which can- 
not be infiſted on in this place : 1 
cularly to be remarked.—that every ſalt in 
inv aſſumes its own peculiar ' form. You may 
_ diffolve common falt, or faltpetre, a thouſand times, and 
erylallize them as often by evaporating ar cooling the 
water in which they are diſſolved, yet will you ſtill find 
the common falt will be conſtantly cryſtallized in the form 
of 
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of a cube, and the faltpetre in the form of a priſm : and 
if you examine with a microſcope ſuch ſaline particles as 


are not viſible to the naked eye, you will obſerve theſe 
particles to be of the fame ſhape witch the larger maſſes. 
of falt, may admit a little variety from the accidental ad- 
ſtances attending the evaporation and cryſtallization of 
of the ſolution 3 but theſe varieties are foreign to the nature 


though it be better, as Seneca has it, de re ipſa quarere 
guam mirari, yet all our attempts to inveſtigate the works 
of God, are weak and ineſſectual: we feel his interference 
every where, but we cannot apprehend the nature of his 
agency any where. A blade of graſs cannot ſpring up, 
a drop of rain cannot fall, a ray of light cannot be 
emitted from the ſun, nor à particle of ſalt be united, 
with a never failing ſymmetry, to its fellow, without him: 
every ſecondary cauſe we diſcover, is but a new proof of 
the neceffity we are under of ultimately recurring to him, 
as the one primary cauſe of every thing. Yet notwith- 
ſtanding this our utter inability to ſearch far into the 
nature of things, philoſophical inquiries. are by no means 
withant their uſe. He who finds his endeavours to com- 
prehend the works of creation checked at every turn, who 
underſtands that every the minuteſt part of this little 
earth, which is itſelf nothing, as it were, when compared 
with the- infinity of the divine works, is to him one great 
miracle, will not be over zealous in affirming that God 
cannot interfere, by his providence, in the management of 
what he hath: made, or that he has interfered in this or 
that particular way. In the. conſcious abaſement of his 
own intelleQ, * will have taught him, 
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he will be cured of all attachment to ſyſtem, whether it be 


a ſyitem of bigotry: or infidelity: he will not be fond of 
— — — with him in 


religious matters; nor, on the other hand, will he con- 
tend that a revelation from God muſt be an impaſſibility, 
from any abſtract notions he may have framed/of the na- 
ture and works of the CES Wl But to return to 
our 

I whos has been td relative te tien, be not 
perfeAly intelligible to the reader, I would adviſe him to 
make the following eaſy experiment, wich will give him 
a better notion of the matter than a thouſand words. Into 
a baſon full of boiling water, put as much ſaltpetre as 
the water will take up; if the ſaltpetre was purified, the 
tranſparency of the water will not be injured, it will fill 
appear to be an homogeneous fluid: when the-water wilt 
take up no more ſaltpetre, then he may conclude that it 
is ſaturated : let it ſtand without being ſtirred, till ĩt grows 
cold. As it cools,. a great many cryſtals, all of the fame 
ſhape, may be ſeen ſhooting out from: the fides and bot- 
tom of the baſon, and increafing in fize till the folution 
becomes quite cold. When no more cryſtals can be form- 
ed by that degree of cold which prevails in the apartment 
where the experiment is made; pour the liquor ſrom the 
folid cryſtals; this liquor is ſtill ſaturated with ſaltpetre ; 
and in order to make it part with more of its faltpetre, 
ſome of the water which keeps it diſſolved muſt be 'evapo- 


rated: upow the taking away à part of the water, a cor 


reſpondent part of the ſaltpetre loſes the power by which 
it is ſuſpended, and ought, upon that preſumption, in- 
ſtantly to fall to the bottom: yet it muſt be remembered, 
that the water, from its increaſe heat during the evaps- 
ration, is able to ſupport more ſultpetre than if it was cold ; 
and therefore the ſakpetre will not begin to cryſfalize, 
notwithſtanding the loſs of part of its menſtruum, til the 
66 — 
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evaporation and we may obtain all the 
Gare iid vic uf Gf Aled, —— © 


cr be coor with that ern 
WW — 6 . 


_ Of mu, auer and filtration. ee 
There is a egen Sewers baten and. mixture fol- 
ficiently. obvious, though not always attended to. Thus 
water which ſprings from chalk, has often, when the 
ſprings: are low, a milky caſt, ariſing from ſome very 
fine particles of chalk which are mixed with it, but not 
1 for perſect ſolution is always accompanied 
with tranſparency. Briſtol and Matlock waters are very 
tranſparent, though they contain a large portion of earth; 
but the earth is in the ſtate of a ſalt, and perſectiy diſ- 
ſolved in them.—Turbid waters, turbid lations.of ms 


| E 

The ſubſtances made CO — 
either ſand, or a porous kind of ſtone, thence called a fil- 
tering ſtone, or flannel, or linen, or leather, or brown 
paper ies the cortipoſition of which no fize has entered. 
This aff fubſtance is generally wſed in ſmall chemical ex- 
periments ; it is made up into a conical form, and placed 
in a funk}, or other convenient inſtrument to Tupport it. 
Fikets are ſerviceable infiraments, not only fot the puri- 
fying of ligtiors, bot for the Teparating of any kind of falt 
from Tmlxtarc of falt and carth, and cnabling us to aſ- 
certaiii the proportion of falt and earth Contained in any 
An inftance will iHuftrate my mean- 


ing. 6 that wood aſhes, ds” 
lh 
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and the aſhes of moſt vegetables, conſiſt partly of a par- 
„ WED ANION Suppoſe it was re- 
portion of ſalt and carth contained 
of aſhes, the proceſs muſt be conducted 
in the P 
previouſly well dried, boil them in a quart of water, pour 
— — — the water will paſs 
through the filter, bringing with it the ſalt contained in 
the aſhes; for water diſſolves alt kinds of ſalty and no 
kind of earth: the earth therefore of the aſhes will de left 
in the filet : waſh the carth remaining in the filter, by 
pouring upon it hot water, till che water, im kltering 
through it, comes off wholly without taſte 3 then” evapo- 
rate all the water in which the "aſhes were boiled, and 
with which the earth in the filter was waſhed; and when 
all the water is diſſipated, there will be leſt a-greyiſls kind 
of ſalt; of a very pungent taſte When this ſalt has been 
. jets 25 A 3-9 
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Aeg f he. bodies. which;we,mect with naon.the. - 
face. of the can or below it; are compounded, of hetero- 


; themſelves be applied to any uſeful purpoſe. 
Pe Daya from the earthly part of 
the grape, the ſugar cane, and the olive, before. we can 
obtain either wine, ſugar, or olive oil. The faline mat- 
ter muff be extraQed from the canby part. of the; abe, 


os 7 8 1 men- 
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mentioned in the laſt experiment, before it can in many 
caſes become uſeful as a falt. Sulphur or arſenick, or 
both, muſt in many inſtances, be ſeparated from the 
ores of metallic ſubſtances, with fingular care, before the 
metallic ſubſtances themſelves can become articles of com- 
merce ; or even before their exiſtence, as fonſtituent parts 
— IE Many bodies, with- 
out any aſſiſtance from art, ſpontaneouſly reſolve them- 
ſelves into diſtinct principles; thus blood by ſtanding, be- 
comes ſeparated. inte a watry fluid, and a red fleſhy ſub- 
ſtance ; | milk Mes itſelf in like manner into cream, 
into curd,” and to whey: The proceſs by which the 
heterogeneous parts of a compound body are ſeparated 
from each other, whether it be carried on by nature or 
art, m „ 
of the body. 

Ie frequently happens chat the parts ſeparated by one 
analyſis, are themſelves compounded bodies, and capable 
of being reſolved, by a further proceſs, into more fimple 
principles. Juſt as in language, a ſentence may be re- 
ſolved into words, words into fyllables, and ſyllables into 
letters; ſo in the decompoſition of natural bodies, we at 
laſt arrive at principles which do not admit any further re- 
ſolution. or change. Theſe fimple, unchangeable princi- 
ples are called elements ; and it may, from what has been 
advanced, be readily apprehended, that the fame ſub- 
ſtance, may. be. eſteemed an clement by one man, which 
is not ſo eſteemed by another, according to the difference 
rr TETer Colley 1 


Of Chemical elements. 


By cheinical elements.” which are the laſt orodults of 
chemical analyſis, we are to underſtand, not very minute 
indivifible particles of matter, but the fimple homogeneal 
parts bf badies which are not capable, as far as our expe- 
rience teaches us, of any farther ** or diviſion,” 


© except 


- 
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except in a mechanical ſenſe, into fimilar parts leſs and lefs 
without end, as water inta vapour more or leſs ſubtile 
earth, air, fire, and water, to be elements, fimple and 
uniform. in their ſeveral kinds, eſſentially diſtinct, and ut- 
terly incapable of being converted into one another, yet ca- 
fil uniting together, and by their diffcrent arrangements, 
proportions, and mixtures, compoſing every body in the 
univerſe. Many modern chemiſts have adopted this idea ; 


others have increaſed the number by ad- 
ding a. faline principle; others that 
ſome of theſe elements, air and fire iaſtance, are 


themſelves compound bodies; and others, laſtly, are per- 
ſuaded, that there is only one elementary homogeneal 
matter, and that all the varieties of bodies, as well as of 
what are commonly eſteemed elements, ought to be at- 
tributed to the different magnitudes and figures of the 
particles compoling themy: and as the component parts 
of water and air, or any other body, are by no means 
ſuppoſed to be elementary particles of matter, but to be 
made up of different numbers of elementary particles ar- 
ranged in different forms, it may be thought probable, 
that mechanical cauſes may either diminiſi or avgment 
the number, — — bes. rang 
and thus eſſect the ſeveral varieties obſervable in nature. 
Itrwould be improper in this place to enlarge on a ſub- 
ject, concerning which both ancient and modern philo- 
ſophers have been ſo much divided in opinion: Their 
great diverſity of ſentiment may ſuggeſt a ſuſpicion, that 
the full comprehenſion of it does not fall within the 
reach of the human underſtanding. The following ob- 
ſervation, may, perhaps, tend 4 little to illuſtrate this 
matter. Let us ſuppoſe that this terraqueous globe was 
not ſurrounded with any air or atmoſphere, and that, by 
an approach to the fan, or an increaſe of the ſubterrane- 
ous fires,” by ſome means or ocher it ſhould become ex- 
. | poſed 
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poſed to a heat four times greater than the medium 
heat of our ſummer, which we may reckon to be about 
60 degrees of Fahrenheit's thermometer; then would 
an atmoſphere bequickly formed around it: all the 
water upon its furface, moſt of the juices of plants 
and animals, and a great variety of mineral particles, 
would be raiſed up in vapours and exhalations, and whilſt 
the heat continued would be kept fufpended in an elaſtic 
ftate, and conſtitute an atmoſphere analogous, as it may 
reaſonably bę i to the chaotic ſtate of our preſent 
atmoſphere, ing from it in this; that it would 


maſs. Again, in the preſent ſtate of the atmoſphere, ſup- 
poſe that a great degree of cold ſhould continue unabated 


cies of ſtone; all the particles of air 
cloſer together; ſome of them, which were the 


. 
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matter of it what you pleaſe, then would ſuch particles 
of the ſhapleleſs jumble, as were capable of being eva- 
porated with that degree of heat, be elevated in an elaſtic 
ſtate, ' and a diviſion or ſeparation would be made in the 
midſt of the great abyſs, between the waters which were 
of a nature ſubtile enough to be converted by that degree 
of heat into an elaſtic fluid, conſtituting the firmament or 
atmoſphere, and the waters which could not be evaporated 
in that degree of heat, but ſtill remained covering the 
furface of the globe, being not colleGedcinto one place, 
that the dry land might appear, till Aft day. This 
notion of the atmoſphere and its formatiemn, ſeems to be 
conformable enough to Newton's opinion, expreſſed in 
his letter to Mr. Boyle. I conceive the confuſed maſs 
of vapours, air, and exhalations, which we call the at- 
moſphere, to be nothing elſe but the particles of all forts 
of bodies of which the earth confiſts, ſeparated from one 
another, and kept at a diſtance by the ſaid principle *, 
—4 principle of cepulfion, 1 za} 


LS p 


. * 1 — F * 4 
- . . * % 
. © * * 
. % : „ 7 7 = * — * of . © 4 0 "4 #> C4 Y 
* I . „ Is 7 =- o "=" - o | - © ® 
2 = 
*{ÞF x 0 £4. *4 mg, 16 _ i 
0 Tr 9 „ 4. = LS 4 
N - - 
0 - . 5 o - „ - 
* bi 14 — ” : | N +» & 
_ = . - - : = 
* 


1 g 19 FR 
41 : TIT 


« * * a> . 1 0 l j 1 
= Oo © - — » . & *, e 
1 6 0 © 14 4 5 . $49 : 
* s Life prefixed to the falio edit, of his Works, p.; 1. 
þ y a I 0 = — * 5 x — 17 | * 2 y 7. : 
# 14 * = Hi £Y% CL Th £» red 4 M 10 ww . 1 as 
o - 


$*F 


CHEMICAL BSSAYS #4 
by which we can invariably diſcriminate them into ſorts. 
fait, are ſepidity and ſolubility in water, and ſome add, 
want of inflammability in fire. Every ſubſtance ' foluble 
in water, and afe&ing the organ of taſte with a ſenſati- 
on different from that excited by its weight, may be eall⸗ 
ed a falt: 1 and fenfible'that this deſcription of a ſalt can- 
not in all caſes be cloſely adhered to, without confound- 
excires a ni talke, and by tying long in water it is 
in part in” it, and yet we are not accuſtomed 
to claſs copper non ig ſaline ſubſtances. S an N 
I any one ſhould wiſh to extend the meaning of the 
term ſalt, by applying it to all bodies which have regular 


the formation of ſublime ſyſtems of nature; and confin- 
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of. tartar, lemons, tamarinds, aad a great many other 
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glaffwort, ſnail- ſeeded glaiſwort, 'prickly. glaiſwort, &c. 
all of which are called kali; and from the aſhes of them 
all, when thoroughly calcined, there may be waſhed out 
a falt, which is called an alla, or an alain ſalt. If 
any one ſhould think that the word kali is derived from an 
Hebrew root of nearly the ſame ſound, fignifying to burns 
then he will conclude, that alkali originally had reference 
not to the name of any particular ſpecies of plants, but to 
the manner in hich a falt might be procured from the 
aſhes of burnt vegetables in general ; and that in proceſs 
of time a certa kind of plant came to be called kali, 
from its aſhes abounding more, than thoſe of any other 
plant, with ſalt; juſt as fods or foude, from being the 
common name for this very ſalt, which is ſeparated from 
_ has become the French name for the plant itſelf . 


Ms for Ma ferns The barilla, gezul or 
algetul; foza, and je. The  barilla yields the 
pureſt plant ſends out 2 


the fair out of the aſhes, and ſays that out of 
five pounds of the aſhezthey get one of fals. 
+ Swinburne's Trav. through Spain, N 130. 
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kind of culture, may deſerve the ſerious conſideration of 
thoſe to whom they belong ; certain it is, that plants 
which would yield this alkali, grow ſpontancouſly upon 
ſeveral of them. 

On the Orkney and Scilly iſles, and on moſt parts of 
the Britiſh coaſt, great quantities of bladder fucus, or 
ſea oak®, under the name of ſea wrack, are annually 
burned in order to obtain an alkaline ſalt. The plants are 
cut from the rocks on which they grow, or gathered from 
the beach on which they are thrown by the tide ; and be- 
ing ſufficiently dried by the heat of the fun in the ſummer 
feaſon, they are ſet on fire ; the fire-place is a hole in the 
ground ; the aſhes, to which the plants are reduced, are 
melted by the violence of the fire ; the melted maſs is kept 
in a ſtate of fuſion for three or four hours, it is then ſuf- 
fered to cool, and when it is ſet, they take it out of the 
hole in which the plants were burned, and the operation 
is recommenced. The ſolid maſs procured from the melt- 
ing of the aſhes of ſea wrack, is an article of great uſe in 
the making of glaſs and ſoap, and is known in commerce 
under the name of kelp, or kelp aſbes. From kelp aſhes 
may be extracted a falt, the ſame in every reſpe& with 
Puſh tOrmgunig Bauer ing eg rod: rag” 1 
wort. The following experiment was made in order to aſ- 
P 

P. 
Tbirty ounces of kelp from the Orknies, which had 
been previouſly pounded into a fine powder, and in that 
ſtate well dried upon a hot iron, were boiled in various 
portions of water, till all the ſaline matter was extracted 
from the aſhes; the water containing all the ſaline 
matter of the kelp was then evaporated with a gen- 
tle heat, andthe ſalt: which remained aſter the water was 
all 
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all evaporated, was further dried, as the kelp had been, 
upon a hot iron. The ſaline matter in that dry ſtate 
weighed 19 ounces. The earth remaining after the en- 
traction of the ſaline matter being carefully collected, 
and thoroughly dried upon a hot iron, it weighed exactiy 
in that ſtate 11 ounces. This experiment was repeated 
with the ſame ſucceſs. 


There is a much greater quantity of ſaline matter con- 
tained in Spaniſh barilla than in Engliſh kelp, as 
may be inferred from the following experiment. 
Spaniſh barilla, ' as well as Engliſh kelp, is mixed 
with ſeveral pieces of black matter; this matter confiſts of 
pieces of the plants which have been reduced to charcoal, 
but not to aſhes, during the combuſtion of the plants. I 
pounded into a fine powder a quantity of barilla ; the pow- 
der had a greyiſh caſt from the charcoal it contained; it 
was dried upon a hot iron, and it loſt by that operation 
one fourteenth of its weight. I took 30 ounces of this 
dried barilla, and procecding as in the analyſis of kelp 
aſhes, [ obtained aa ounces of ſaline matter. It appears 
from hence, that there is three hundred more of 
faline matter in a ton and an half of barilla, than of kelp 
aſhes. 

It is very probable, that kelp aſhes prepared in diſſer · 
ent countries, contain the earthy and faline parts in pro- 
. portions different from thoſe here aſcertained; yet it is 
worth remarking, that the analyfis here given comcides, 
as to the earthy part, with the experiments of one author, 
and as to the faline part, with the experiments. of ano- 


ther. From a8 drachms of kelp aſhes, Dr. Home ob- 
tained 10 drachms of earth; now the proportion of 30 to 
It, is nearly the fame with that of 28 to 10*.—M. Ca- 
det obtained 6 pounds 3 ounces and an half of faline 
matter from 20 pounds of kelp aſhes; if he had obtained 
one half ounce more, the pr ion of ſaline matter pro- 
cured from the kelp he examined, would bave 3 
See his very ingenious Eſſay on Bleaching, p. 151. 


4& CHEMICAL ESSAYS. 
moſtexaQly the ſame with that procured from the Orkney 
kelp which I examined q. I was not aware of the experi- 
ments here referred to, when I undertook to aſcertain the 
reſpective quantities of earth and ſaline matter contained 
in kelp aſhes, — . 
the better relied on. | 
The reader may wonder, why, in ſpeaking of the n 
contained in kelp, I have called it by the general name, 
faline matter, in the very place where I was confidermg 
it as a particular kind of ſalt, as an alkak:' this was not 
done without reaſon ; for not only kelp'aſhes, but the 
aſhes of kali, barilla, and moſt maritime plants, befides 
an alkaline falt, contain a portion of common ſalt, and of 
ſome other kinds of falt, which it is not neceſſary here to 
rity of the alkali, for the obtaining of which the plants 
are burned ; and the Britiſh kelp aſhes abound with them 
ſo much, that from ſome trials I have made I ſhould con- 
clude, that the 19 ounces of faline matter, which I had 
extracted from 30 ounces of kelp, did not contain above 
five-ounces of pure mineral alkali free from water. The 
expreſhon, free from water, requires an explanation. 
The 19 ounces then of ſaline matter obtained from 30 
ounces of kelp, were diſſalved in water, and from the 
ſolution, when evaporated and cryſtallized; I obtained 
12 ounces of alkaline falt in very fine tranſparent cryf- 
tals. Since all attraction is mutual, it may readily be un- 
derſtood, that as the particles of water attract thoſe of the 
_ alkaline ſalt, and retain them in ſolution, fo the particles 
of the alkaline ſalt will attract thoſe of the water, and re- 
tain them in cryſtallization. The water thus attraQted by 
the particles of falt during its cryſtallization, — 
This water of cryſtallization is contained in diſſerent 
n 
+ - © -—eifferent 


+ Hit:/de P Ad, abs ele; p« 488. 
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different degrees of force ; though it is eaſily: ſeparated 
from moſt of them, the moderate heat of the atmoſphere 
n many. When this 


its ſaline quality 3 for the water which is ſeparated 
it is pure watet y,and the falt, by being rediffolved in 
e 


ſalt known in medicine under the name of Glauber's ſalt, 
is one of thoſe which contains. near half its weight of 
water, wholly uneſſential to it as a falt : hence an ounce 
of Glauber's ſalt, in tranſparent cryſtals, has not more 
ſtrength, as a medicine, than half an ounce of the ſame 
r by having its water of 
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this experunent compared with the preceding, that the 
ſalt procurable from barilla, contains a far greater propor- 
tion of pute alkali, than that from kelp does ; and hence 
barilla is preferable to kelp, not only from its containmg 
more ſaline matter in a definite weight, but from that ſa- 
line matter being of a purer quality. The cryftalline-ſalt 
thus obtained, being expoſed to the fire, was quickly 
the compoſition of the cryſtals had been evaporated, the 
falt weighed 215 ounces, half an ounce having been loſt 
by the operation. | * | 
'The alkaline falt contained in the aſhes of maritime 
plants, when expoſed to the heat of a glaſs-houſe furnace, 
loſes of its weight, but im moderate fires it 
loſes nothing : hence this ſalt is called a fxed athali. A 


CHEMICAL RE9I9SAYS 35 

been met with alſo on the Pic of Tenerife and in Barba- 
A.-R. oe 
nominated the mineral fixed allali 
The aides of molt ther vegerables, as well as thoſe of 
maritime plants, yield a falt which has many properties in 
common with the mineral ited alkali ; but noe having af 
the of that ſalt, it has for the fake of perſpicuity 
been called the vegetable fixed alla. Both the mineral 
and vegetable fed alkali are prepared by boiling the aſh- 
es, to extract the falt from the carths the water 
the ſalt in folution, is then evaporated fo as to leave the 
falt dry. From this manner of them, theſe ſalts 
have been often called Fx:inial ſalts, ii and liæiuium both 
fignifying a ley made with aſhes. The operation of eva- 
porating the water is performed in large iron or copper 
pots; and from this circumſtance theſe alkaline ſalts, eſ- 
pecially the vegetable fixed alkali, have come under the 
name of fot-aſb. 
Great piles of wood are, in many countries, burned for 
the expreſs purpoſe of obtaining pot-aſh. From the fol- 
lowing experiments, ſome notion may be formed of the 
large quantities of wood which muſt be burned, in order 
to obtain even a ſmall portion of pot-aſh. 

I defired a friend in Effex, who had plenty of dry oak 
billets, to aſcertain the quantity of aſhes which a certain 
weight of the wood would yield. He made the experi- 
ment with every poſſible precaution, and from 106 pounds, 
avoirdupois weight, of dry pecled oak, he obtained 19 


dunces oſ aſhes. I treated theſe aſhes after the ſame man- 


ner in which I had endeavourcd to aſcertain the proportion. 


of earth and faline matter in barilla, and kelp aſhes 

and from the 19 ounces obtained rather more than one 

ounce and a quarter of ſaline matter. From ſeveral repe- 

titzons of the experiment with aſhes of the ſame kind it 

may he concluded, that 15 ounces of theſe aſhes tontain- 
2 | 
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of ſaline matter: from this proportion it may eaſily be col- 
lected, that above 1300 tons of dry oak, and probably 
above 1800 tons of green oak, muſt be burned in order to 
obtain one ton of pot-aſh. 

The makers of pot aſh generally buy the wood aſhes by 


the buſhel, and ſell the pot-aſh by the ton; but as the 
aſhes of different woods, and indeed of different parts of 


the ſame wood, probably contain very different portions 
of ſaline matter; it cannot be expected that we ſhould have 
any very uniform accounts of the number of buſhels 
of aſhes requifite to make a ton of pot-aſh. Some 
dealers in this article are of opinion, that a ton of pot-aſh 
may be procured from 400 buſhels of aſhes ; others, from 
450; others, from 560 of the beſt aſhes ; and others, laſt- 
ly, from 700 buſhels, at a medium, of good and bad aſh- 
es v. I find that a buſhel of the dry aſhes which are fold 
by the country people who burn wood to our ſoa 

in Cambridge, weighs at a medium 58 pounds: hence, 
ſu every 15 pounds of ſuch aſhes to contain 1 
ſaline matter, it will follow, that 580 buſhels of 
aſhes would give 1 ton of faline matter. This cor- 
with the accounts given by the pot-aſh ma- 
kers, confirms the analyſis of the oak aſhes before menti- 
oned. ; 

Under the direction and patronage of the Society for 
the Encouragement of Arts, ManufaQtures, and Com- 
' merce, large quantities of potaſh have been made in Ame- 
rica fince the year 1763; and it would be a great faving 
to the nation, if it could be made in ſufficient quantities in 
any part of the dominions of Great-Britain, fince we are 
reckoned to pay to Ruſſia, and other foreign ſtates, not 
leſs than one hundred and fiſty thouſand pounds a-year 
— rn — — rock ſalt 

J = oy 


* Lawie's Experiments on Americas Pot-ath,- „6. 
1 n & Agpieel, Vet 1. p. 248. 
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in this country, which the proprietors can afford at 10 
ſhillings a ton. A ton of rack ſalt, as has been before ob- 
ſerved of common ſalt, contains about half a ton of mine- 
ral alkali, which is for moſt purpoſes preferable to pot aſh. 
If a method could be contrived of extracting this alkaline 
part from rock ſalt, it would be a moſt ſerviceable diſcove- 
ry. To thoſe who have leifure to attempt it, I would 
give the following hint Whether the alkaline part of rock 
ſalt may not be obtained by calcining it in conjunction 
with charcoal in open fires? My reaſon for this conjec- 
tare is founded on the following experiment: Upon 
rr TINO ths yov- 
ceſs at that point, I have obtained great plenty of 
mon falt, but no mineral alkali 22 
though we are certain, that when the black aſhes are tho- 
roughly calcined, or reduced to white aſhes, mineral al- 
kali may be obtained from them. This makes it proba- 
ble, that the common falt contained in the black aſhes 
of ſea-wrack, is decompoſed, and changed into a mine- 
ral alkali, during the burning of the black aſhes. There 
are reaſons to ſuppoſe that the cinder of pit-coal would 
anſwer the purpoſe better than charcoal. But to return. 

TFartar is a vegetable production, which forms itſelf on 
the fides of caſks in which new wine is put; it is of a 
ſolid confiſtency, and is thence called by the Germans, 
wine; ſtone, (wyne-ſtein): this ſubſtance, when burned 
to aſhes, yields a very „% 
falb of r. 

The teader is defired to diftinguiſh between cream of 
e and ſalt & tartar; they are both ſalts, but not of 
the ſame claſs. Cream of tartar is an acid, and is pre- 
pared from tartar by diffolving it in water, and cryſtal- 
hing the ſolution. Salt of | tartar is an alkali, and is 
prepared from tartar. by burning it, the acid being proba- 
bly changed into an alkali by the fire. 


* 
o p 5 . 4 ih . 
4 Salt 
. * 
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colour to vegetable blues, and it is from hence called an 
„ „ mall degree of 
„it is called a volatile alla. By this great volatility 


1 ine: oh two 2 
bs a 2 


© "Of e Salts. 


Neutral falls ag Gilingaithed boch From: acids and al- 
kalics by their taſte, which is neither four nor cauſtic, by 
their not eſſerveſeing with acids, by their not 
a change in the colour of fyrop of violets. Of this 
kind are common fatt, Otauber”s falt, ſalt-petre, and a 
great variety of others. Any acid, when united with any 
alkali m fuch proportion that the compound does not poſ- 
ſeſa any of the charaQeriftic properties of either of its 
component parts, is a neutral falt. The term neutral, 
was firſt applied to a ſalt formed by an union of an acid 
and an alkali z but it has now a more extenſive fignifica- 
tion, denoting the ſalt formed by the union of an acid 
with any-alkali, earth, or metallic fubſtance. The ſab- 
nec with 
of a neutral ſalt, is often called the ht of that fat. 

"Tha following tables of falts will help to fix in the s- 
_ der's mind the general divifion of ſaline ſubſtances, eſpe- 
cially if be will be ar the trouble to familiarize himſelf 


to. the names, by * druggiſt ſpecimens 
of 9 


& . 


+ 


A Table of Neutral Salts, with Alkaline Baſes. 


MAE 


? Vitriolic = * Alkali = R 


Vitriolated Tartar 
Viriolic Sal Ammoniac 


li... Ale tte. 


Vegetable. 
Volatile 


=} all {Com Nitre 


| with 


_ —— 8 
— 


Nitrous N Vegetable Common Nitre, or Salt Petre 


2 121 Volatile — — Nitre . | 5M 


_ — al 4 Digeſtive Salt of Sylvius 
C Volatile J. „ (Common Sal Ammoniac 


ſx chryſtallizable + Falt, not yet named 


i . 
* 


— 
— 


T—— 


CVolatile | makes 


| Tar {Mineral q n Tear Salt 


Diuretic Salt, improperly called Terra fol. Tar. 


Spirit of Mindererus 


 {Vegetabl Le, J Soluble T 4 

| with g e | Able Lartar 

* _  CVolatile _ Soluble Ammoniac Tartar - W 

* In this — —— account, I purpoſely omit the mention of the lately Jifrorered da Kea; 


of the Acid of Amber z of the Acid of Benjamin, and other Bitumensz and of ſome 
other Wa relative to this ſubject. 
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nature may have different modes of combining them, ſo 
as to produce the eſſect ; or nature muy, in producing the 
celfeQ, make uſe of à third or a fourth principls It maſt 
be; left to future experience to ſimplify our knowledge con- 
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E 8 S A w. 


Of Fire | Supbur, and Turf 


8 an agent in nature, that we can 
reaſon little concerning it, except from experiment; and 

we ure even at a loſs from thence to determine, in nan 
caſes, either its abſolute quantity or real preſence. 
with the generality of we affume heat as its 
charakteriſtie property, and define fire to be that which 
warms or heats bodies, we cannoc avoid ſeeing at once, 
the ambiguity of this criterion : it is as as the 
perceptions of different men at the fame time, or of the 
ſame man at different times, in ſummer and in winter, 
in a fever and in health, The light of the moon, when 
collected into the focus of a large burning-glaſs, is found 
to be about one thouſand lies BY el 
rays of the ſun ; hence it is, that it excites no 

the mercury. of the moſt ſenfible thermometer. 2215 
the brightneſs of the image in the focus, as well as 

the luminous appearance of rotten wood, putrid fiſh, ar 
other phoſphoreſcent bodies, ſome philoſophers have infer- 
red, that wherever there is light there is fire ; but as the 
coniverſe of this propoſition is not true, finge fire oſten ex- - 
its in large quantities, as in boiling fluids, in metals mo- 
derately heated, Se. without light, this cannot be 4 
diffinguithing mark of the preſence of fire. The dilatation 
which fire occaſions in all bodies, whether folid or fluid, 
hard or fot, light or heavy, may be eſteemed the moſt 
certain proof of its. preſence and agency, This property 
ſerves admirably to mark its degrees and minute variations 


Within gertain hits, but not to aſcertain cither * 
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ſence or its in extreme caſes, unleſs we know 
the real magnitudes of bodies totally deſtitute of it. How- - 


From the 14th ſeQon of Sir Iſaac Newton's Principia, 
ve learn, that the motions of ſmall bodies, when attraQ- 
ed perpendicularly towards any furface, according to an 
law, are fimilar to the mot ions of the rays of light, 
reſpect 
fiction, 


to the fundamental properties of InfleQion,, Re- 
and RefraQtion : from hence chiefly, as well as 
from other arguments, we infer, that rays of. light, acc 


ſmall corpuſcles, emitted from ſhining bodies, and er: 
ing with uniform velocities in unjfoim 


2 of bulk in that medi a 
— to a — of an . 2 
y, ſurrounding the earth where. K. 2 height 
555 . 


miles, it would be cx 
S W . 
y. coming out of a yecuum into a denſer edlem, v. 
.attraQted by the particles compoſing that medium ; 
and, lince all att raction is mutual, they would cxeite a 
mation, en expaniion, an beat, at the outward ſurface 
where they entgred ; kom thenes. they 


celeration of ve — x and would excite another. _ : 
of motion, another degree of expanſion d 

an atmoſphere would be the coldeſt in 
eat decreafing from each ſurface. 
what has been faid, hee ra 


hoy. bodies are expanded, 
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- 
the agency of the particles of light. Theſe particles act 
pact, but at ſome indefinitely ſmall diſtance ; they at- 
tract, and are attracted ; and in being reflected, or re- 
traced, r the component 
This motion increaſes the diſtance between the 
005 an increaſe of the diſtance between the conſti- 
tuent parts of any body, is an augmentation of bulk, an 
expanſion in every dimenſion, — the moſt certain charac- 
teriſtic: of fire: . This expanficn, which is the 
of a. diſunion of the parts, being increaſed by the increaſ- 


that the particles will at length vibrate beyond 

of mutual attraQtion, and thus the texture of the body 
will be altered or deſtroyed : from ſolid it may become flu- 
id, as in melted gold; or from being fluid, it may be 
diſperſed in vapour, as in boiling water. 

According to this theory, we muſt infer, that the con- 
ſlituent parts of all bodies are in perpetual motion. The 
temperature of the atmoſphere is different in different la- 
titudes, and it changes, almoſt every inſtant, in the ſame. 
The of bodies is ever proportionable to that of 
the ſurrounding atmoſphere, and from thence it muſt be 
perpetually varying. The bulk of every body is propor- 
tionable to its temperature, and muſt therefore be ſubject 
to a perpetual viciffitude. Now the body will be in an 
expanded, in the next inſtant, its heat happening to be 
diminiſhed, it will be in a contracted ſtate ; which varia- 
R ĩðV Ghiow > py nes 
vibratory motion of its conſtituent parts. 

It being eſtabliſhed then, that the rays of the ſun, even 
in their moſt condenſed ſtate, as in the focus of a 
RE ee ris 
eite a motion more or leſs violent amongſt the conſtituent 
parts of bodies; and the eſſects of culinary fire, of that 
* | » FE 
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produced by friftion, or by the impact of hard bodies, be- 
fimilar to thoſe produced by the agency of the fun's 


— 
U— — Tn: 
be mechanically produced, altered, or deſtroyed in all 
bodies, with greater or lefs facility, according as the 
parts of the body are more or leſs diſpoſed for motion. 
This conclufion ſeems to be conſonant with the princ i- 
ples of the received philoſophy. Newton, in his th quzre 
annexed to his Optics, aſks, Do not bodies and light act 
mutually upon one another ? — lv lags bodies upon 


| | Boerhaave thinks that fed ina foi of cietive prentine to 
itſelf ; that it was created ſuch as it is, and cannot be al- 


tered in its nature or properties, deſtroyed or produced 
that it naturally exiſts in equal quantities in all places 3 
that it is wholly imperceptible to our ſenſes, and only diſ- 
corerable by foch. eGelts — when by various 
_ cauſes, it is for a time colleted into a leſs ſpace than 
what, from its tendency to an univerſal and cquable dif- 
fuſion, it would otherwiſe occupy. All the bodies which 
are ſituated in the immenſity of ſpace, may, according 
to this opinion, be divided into fire expanding all other 
bodies, and into all the other bodies which are not fire, 
but refiſt its ation. The matter of this fire is not ſuppoſ- 
ed to be derived from the fun in any wiſe ; the ſolar rays, 


whether direR or refieQed, arcof uſe only . 
GW 
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the particles of fire in parallel directions: that 
being deſtroyed, by intercepting the ſolar rays, the fire 
inſtantly reſumes its natural ſtate of uniform diffuſion®. 
Conſiſtent with this explication, which attributes heat to 
the matter of fire, when driven in parallel direQions, a 
much greater muſt be given it, when the quantity fo col- 
lected is amaſſed into a facus; and yet the focus of the. 
largeſt ſpeculum docs not heat the air, or medium in 
which it is formed, but only bodies of denfitics different 
from that medium. 

The author of the Lettres Phyſiques is of opinion, that 
the ſolar rays are the principal cauſe of heat; but that 
they only heat ſuch bodies as do not allow them a free 
paſſage . In this remark he is agreed with Newton ; 
but then he differs totally from him, as well as from Boer- 
haave, concerning the nature of the rays of the ſun. He 
docs not admit the emanation of any luminous corpuſcles 
from the ſun, or other ſclf-ſhining ſubſtances, but ſup- 


poſes 


Poſſent omnĩa corpora locata in ſpatio immenſo dividi, in 
- Ignem expandentem omnia reliqua corpora, et in cetera uni- 
verſa corpora que non ſunt ignis——lgnem illum ſemper eſſe 
ubique præſentem, tam in pleno corporeo pleniſſimo quam in 
vacuo ĩnaniſſimoIgnem hunc æqua biliſſime diftrubui tamdiu, 
quamdiu non naſcitur cauſa ſingularis in loco certo ignem hunc 
diſperſum colli Ignem hunc non eſſe a ſole, quoad ma- 
r in rectas pa- 
rellelas remanere in omni tempore, quo emanatio vel reflexio 
— rectitudine radiorum a ſole, ignem in pa» 
ralleliſmum agentium, illico eeſſat ille paralleliſmus, atque 
ſtatim illo ipſo momento ignis partes expanduntur 2quabiliter 
quaquaverſum.—Boerh. Chem. Vol. 1. 
+ Les rayons du ſoleil n' echauffent les corps qu'entant que 
les corps ne leur accordent un libre paſſage à travers. Lett. 


t Radii ſolis non agitant media quz permanant, ni in re- 
flexione et refractione. New. | = 
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all ſpace to be filled with an ther of great elaſti- 
city and ſmall denſity, and that light conſiſts in the vibra- 


potheſis we proceed, at ſome firſt cauſe, which does not 
admit an expl. nation from mechanical principles: this is 
evidently the caſe in the preſent inquiry. Upon New- 
ton's ſuppoſition, the cauſe by which particles of light, 
and the corpuſcles conſtituting other bodies, are mutually 
attracted and repelled, is uncertain The reaſon of the 
uniform diffuſion of fire, of its vibration, and reper- 
cuffion, as ſtated in Boerhaave's opinion, is equally incx- 
plicable ; and in the laſt-mentioned hypotheſis we may 
add the other difficulties attending the ſuppoſition of an 
univerſal æther, the want of a firſt mover to make the fun 
vibrate. Theſe are the opinions moſt worthy of notice, 
concerning elementary fire; and of theſe it may be faid, 
as Cicero remarked of the opinions of philoſophers con- 

| vera 


. + La lumiere n'eſt autre choſe qu une agitation ou ebran- 
lement cauſe dans les particules de Fether qui ſe trouve par- 


out. —l n' a done rien qui vienne actuellement du ſoleil juf- 
que i ngus. Let, Phy. 


— 
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But befides this elementary fire, which chemiſts coriceive 
to be cvery where uniformly diffuſed, they are of opinion 
that fire enters, in different into the 
fition of all vegetables and animals, and moſt minerals ; 
and in that condenſed, compacted, fixed ſtate, it has 
been denominated the phlagiffon. Of itſelf, in its nas 
tural ſtate of uncombined expanſion, fire is not eſteemed 
capable of ſhining, or burning ; when chemically con- 
joined with the other principles of bodies, it is that alone 
which conceives and continues thoſe motions by which 
bodies are made to ſhine, to burn, to conſume away. 
All bodies are more or leſs ſuſceptible of combuſtion, ac- 
cording to the quantity of this principle which enters into 
their compoſition, or the degree of force with which it ad- 
heres to them. In the act of burning, and & may very, 
probably be during the fermentation, and putreſaction, 
and chemical ſolutions of various bodies, it recovers its 
fluidity, is expanded and diſperſed into the air, or com - 
| en > TOON" as it has an attraQion to. 

ee Not- 
- Tr.” uſe 


© The reider wi fas ef eniking o pes higher in 
to this matter, may conſult a very ingenious tract, entitled, Ex- 
mation of, combuſtible Bodies, by Dr. Crawford ;- and 
Scheele's Experiments on Air and Fire, tranſlited, | 
German by Dr. Forſter, and illuſtrated with judicious notes 
by Mr, Kirwan ; and « late work of Wallerius, entitled, Medi- 
tationes de Orig, Mund. | 

May not the common degree of feat which ariſes from the 
mixture of different quantiries of the ſame fluid heated to dif- 
ferent degrees, be inveſtigated by the ſame rule, by which the 
of hard or bodies afrer their impact 
in the ſame direction is calculated, putting the momentiim of 
heat to be equal 0 it degree multiplied into the quanticy of 
heated matter? 


- 
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Notwithſtanding all that perhaps can be faid upon the 
ſabjet, I am ſenſible the reader will be ſtill ready to aſk 
—what is Phlogiffon * You do not furely expect that che- 
miſtry ſhould be able to preſent you with a handful of phlo- 
giſton, ſeparated from an mnffammable body ; you may 
juſt as reaſonably demand a handful of magnetiſm, gra- 
vity or electricity to be extracted from a magnetic, weigh- 
ty, or cleric body. There are powers in nature which 
cannot otherwiſe become the objects of ſenſe, than by 
the effects they produce; and of this kind is phlogiſton: 
„ will tend is render thi per- 
plexed ſubject ſomewhat more clear. 

If you take a piece of fu/pbur, — fee; it will 
burn intirely away, without leaving any aſhes, or yield- 
ing any foot. During the burning of the fulphur, a co- 
pious vapour, powerfully aſſecting the organs of fight and 
ſmell, and the action of the lungs, is diſperſed. Means 
have been invented for collecting this vapour, and it is 
found to be a very ſtrong atid. ' The acid thus procured 
from the burning of ſulphur, is incapable of being either 
burned by itſelf, or of contributing towards the ſupport of 
ſire in other bodies : the ſulphur from which it was pro- 
cured was capable of both: there is a remarkable dif- 
ference then, between the acid. procured from'the fulphor, 
and the fulphar itſelf. The acid cannot be the only con- 
ſtituent part of ſulphur; it is evident that elit - 
muſt have entered into its compoſition, by which it was 
rendered capable of combuſtion. "This fome?Sing is, from 


— the gif. 

„ that the conf 
ent parts. of fuldbur are two; — an inflanmable prieciple, 
which, is diſperſed in the act of combuſtion, and-an acid. 
The, proportion of theſe. parts. has been aſcertained 5 -and it 
_ bs found, that in any maſs of fulphor, the weigh of the 


Wu 
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r 
3 

ä air, and bold a glas 
over its flame, you will perceive that it burns without emit - 
ting either any watery vapour or footy impurity ; and no- 
thing will remain, from a large portion of charcoal, but a 
ſmall portion of white aſhes, which are incapable of any 
further combuſtion. The principle eſſecting the combuſti- 
a2 
is the phlogiſton. 

Eee nr e en bes they-will, if pure, 
burn intirely away t they differ from charcoal in this, that 
they emit a vapour; but they leave no reſiduum. You 
may by proper veſſels collect the vapour of burning ſpirits, | 
and you will find it to be an infipid water, incapable of 
combuſtion. The principle cffeQing the combuſtion of the 
rates, * the aQ of combuſtion, is 


the phlogiſton. 
bx . ſubfencer burn, when. ſufficiently heated, 
with a flame more bright than that of ſpirits of wine, or 
charcoal z others burn or ſmother away like rotten wood; 
and moſt of them, when they have been kept in the open 
air in a proper degree of heat, loſe their metallic appear- 

earth protured- from the burning of lead; and putty, ſuch 
as the poliſhers of glaſs and marble uſe, is the earth pro- 
cured from tin. The principle eſſecting the combuſtion of 
metallic ſubſtances, ERS 


F 2 The 


. *The experiniden tow wich this proportion is rived, js ai 
to have been made by M. Brandt with great accuracy about the 
year 1756. 
from a ſimilar experiment that in 16 ounces of fulphur, 
there are upwards of 153 ounces of pure acid, and not quite 4 
of — of the inflammable * Newm. Chen 
* | 
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The acidof the fulpbur ; the aſbes of the charcoal the wa- 
ter of the ſpirits of wine ; the earths of metallic ſubſtances, 
are utterly incapable of combuſtion : their reſpective dif- 
ferences from ſulphur, charcoal, ſpirits of wine, and me - 
tallic dae with. reſpelt: nat ee inffrentability, 


the ſame in them all 3 juſt as water which 
enters into the compoſition of fleſh, woed,: coal, is thll 


cifive experiments; I will ſelect a few, which may at the 
1 — — ——— — — the 
rr 

From the analyſis or decompoſition of folphur de 
by burning, we have concluded, that the conſtituent parts 
of fulphurare two, —an cid, which may be collected, 
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ſulphur, muſt' be by preſenting to that acid ſome ſub- 
ſtance in which it is contained. Charcoal is ſuch a ſub- 
ſtance ; and by diſtilling powdered charcoal and the acid 
of ſulphur together, we can procure a true yellow ſulphur, 
in no wiſe to be diſtinguiſhed from common ſulphur. This 
ſulphur is formed from the union of the acid with the 
phlogiſton of the charcoal : and the charcoal may by this 
means be ſo intirely robbed of its phlogiſton, that it will 
be reduced to aſhes, as if it had been burned. Animal - 
ſubſtances ons > 9s Re 5: deck nah, will, by 
ö 

Spirits of wine, we have ſaid, conſiſt of 
united with water ; 1 
wine and the acid of ſulphur, we ſhall, towards the end of 
the operation, obtain a pure ſulphur. 

Oil of turpentine is very inflammable, and conſe- 
quently abounds with the principle which has been deno-+ 
minated phlogiſton ; and from a diſtillation of acid of 
ſulphur” with oil of turpentine, a ſulphur may be pro- 
cured. | 

But one of the ſhorteſt and moſt obvious ways of il- 


luſtrating both the compoſition of ſulphur and the phlo- 
giſton of metallic ſubſtances, is the following Upon 
melted lead pour the acid of fulphur : colle& the vapour 
which will ariſe, by holding a very large glaſs or other 
veſſel over the melted lead, and you will, as ſoon as the 
vapour is.condenſed, obſerve ſeveral filaments of ſulphur 
ſticking to the fides of the glaſs. When lead is in a 
ſtate of ſtrong fuſion, its phlogiſton is in a ſtate of diſ- 
perfion ; the acid of ſulphur inſtantancouſly unites itſelf 
with this phlogiſton, and forms ſulphur. It is probable, 
that ſulphur might be procured by the fame means from a 
rentty ot other bockes, when \in. 's aſe of neue) com- 
buſtion. 

I will in this place, by way of further illuſtration of 
N dara add a word or two concerning the 


F-3 neceſſity 
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neceſſity of its union with a metallic earth, in order to 
conſtitute a metal. 

Lead, it has been obſerved, when melted in a ſtrong 
fire, burns away like rotten wood ; all its properties as a 
metal are deſtroyed, and it is reduced to aſhes. If you 
expoſe the aſhes of lead to a ſtrong fire, they will melt; 
but the melted ſubſtance will not be a metal; it will be a 
yellow or orange-coloured glaſs. If you pound this glaſs, 
and mix it with charcoal duſt, or if you mix the aſhes 
of the lead with charcoal duſt, and expoſe either mixture 
to a melting heat, you will obtain, not a glaſs, but a 
metal, in weight, colour, confiſtency, and every other 
property the fame as lead. This operation, by which a 
metallic carth is reſtored to its metallic form, is called 
redufion. The aſhes of lead melted without charcoal be- 
come glaſe > the aſhes of lead melted with charcoal be- 
come a metal. The charcoal then muſt have communi. 
cated ſomething to the aſhes of lead, by which they are 
changed from a glaſs to a metal. Charcoal confiſts but 


of two things, of aſber, and of phlogiffon e the aſber of 


c tallow or iron filings may be fubſti- 
oe oe in the ex- 
of lead) and thence we 
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And this aſfertion ſtill becomes more general, if we may 
believe that metallic aſhes have been reduced to their 
metallic form, both by the ſolar rays and the electrical 


r 


A 


Ws 
place in the form and conſtitution of the carth, fince the 
deluge, have probably been produced by fubterrancous 
fires; for it is to their agency that philoſophers aſcribe 
volcanos and carthquakes; thoſe tremendous inſtruments 
of nature, by which ſhe converts plains into mountains, 
the ocean into iſlands, and dry land into ſtagnant pools. 

Dr. Hooke formerly had maintained that all land had 
been raiſed out of the fea by earthquakes; and modern 
philoſophers ſeem to admit his hypotheſis, though not, 
perhaps, in its utmoſt latitude. Thus one of them is of 
opinion, that Iceland, which is bigger than Flad, has 
been produced by volcanos in the courſe of feveral centu. 
ries . Another, after giving an ingenious conjecture 
concerning the origin of all the tropical law. iſ in the 
South Sea, aſſures us, that of the higher i/fes there is 
hardly one of them which has not ſtrong veſtiges of its 
having undergone ſome violent alteration by a volcano. 
Some of them have volcanos ſtill ſubfiſting; others, 
amongſt which are O-Tabeitee and Huabeine, ſeem to have 


. See Letters on Jceland by Dr. Uno Ven Troil, N 222, 
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deen elevated, in remote ages, from the bottom of the 
ea by ſubterrancous fires . ta A. 

When theſe fires were firſt kindled ; by what fort of fuel 
they are ſtill maintained; at what depths below the fur- 


due of the carth, by digging little holes upon its ſurface. 
But though it will ever be impoſlible for us to fearch far 


Mr. Lemery ®, as far as I have been able to learn, was 
the firſt perſon who illuſtrated, by actual experiment, the 
++. 4 * a 21 2 i * © 


I Olfarvations made during a Voyage round the world. by 
De. Forſter, p. 152 1 where the reader will find in a note, a 
learned reference to the works of a great many authors, on 
the ſybje& of iNes raiſed out of the fea by the action of a ſub- 
„Cours de Chemie, p. 276. * Mem. de I Acad, des Scign, 


— 
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pounds of powdered fulpbur with an equal weight of ior 
filings ; and having kneaded the mixture together, hy 
means of a little water, into the confiſtence of a paſte, he 
put it into an iron pot, r 
the whole a foot under ground. In about eight or nine 
E grew warm, and cracked; 
hot ſulphureous vapours were perceived; a flame which 
dilated the cracks was obſerved ; the ſuperincumbent earth 
was covered with a yellow and black powder : in ſhort, a 
ſubterrancous fire, producing a volcano in miniature, was 
ſpontaneoully lighted up from the reciprocal actions of 
fulphur, iron, and water. 

That part of this experiment which relates to the pro- 
duction of fire, by the fermentation of iron filings and ful- 
phur when made into a paſte ®, has been re- 
peated fince the time of Mr. Lemery. I myſelf have 
made it more than once, but I have nothing material to 
add to his account except that the flame, when the ex- 
periment is made in the open air, is of. very ſhort dura- 
tion; and that the whole maſs, after the extinQion of 
the flame, continues at intervals, for a longer or ſhorter 
time, according to its. quantity, to throw out ſparks; and 
that a ladle full of the ignited maſs, being dropped down 
from a conſiderable height, deſcends like a ſhower of red 
hot aſhes, much reſembling the paintings of the eruptions 
FF 
Muſeum. It has been obſerved, that large quantities of 
the materials are not requiſite to make the cxperiment 
ſucceed; provided there be a due proportion of water : 

C Sings bao yours 12” Cannee'of 
brim- 


. . 
per applicd to the ion of parts, which 
takes place in mineral ſubfances ; but the reader cannot fail to 
——— „„ 
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brimſtone, and fourteen ounces of water, will, when 
| +4" EM acquire heat enough to make the maſs take 
That heat and fire ſhould be generated from the ſpon- 
tancous actions of minerals upon each other, is a pheno- 
menon by no means fingular in nature, how difficult ſo- 
ever it may be to account for it. The heat of putreſcent 
dunghills, of the fermenting juices of vegetables, and, 
above all, the ſpontaneous firing of hay not properly 
dried, are obvious proofs that vegetables poſſeſs this pro- 
perty as well as minerals. In both and mine- 
rals, a definite quantity of moiſture is requiſite to euable 
them to commence that inteſtine motion of their parts, 
which is neceſſary for the production of fire. Iron and 
ſulphur would remain mixed together for ages without 
taking fire, if they were either kept perſectly free from 
» Or ched with too much water ; and vegeta- 
bles in like manner, which are quite dry, or exceedingly 
wet, are incapable of taking fire whilſt they continue in 
that ſtate ®. | : 
_ But though it is certain ſrom the experiment, that mix- 
tures of iron and ſulphur, when moiſtened with a proper 
quantity of water, will ſpontaneouſly take fire; yet the 
origin of ſubterraneogs fires cannot, with any degree of 
probability, be referred to the fame principle, unleſs it 
can be ſhewn that nature has combined together in large 


_ {Sage Miner, Vol. I. p. 42. : 

_ © Faimal ſubſtances when laid on heaps, have been obſerved 
to take fire. M. Montet rapporte dans Fhiftoire de PAcademie 
Royale des Sciences, annce 1796, que des petites etoffes ap- 
Pelles imperiale, gard6es en tas, prirent feu d'elles-memes.” 
Ioſtruc. fur Puſage de Is Houille par M. Venel. It is not im- 
| probable that filings of copper and other metals, when mixed 
in a due proportion with ſulphur and water, would acquire a 
heat, and perhaps take fire, eſpecially if the quantities were 
large 3 but experiments of this kind have not hitherto been 
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— iron and ſulphur, and diſtributed the 
tion through various internal parts of the earth. ä 
Now that this is really the caſe we can have no doubt. 
There is, perhaps, no mineral more commonly met with 
than that which is compoſed of iron and ſulphur. It is 
found not only upon the furface of the earth, but at the 
greateſt depths below it, to which mines have been hither- 
to driven not only in England or Italy, Europe or Aſia, 
but in all parts of the world. This mineral is called in 
ſome parts of England, copperas-flone ; in others, brazil ; 
in others; -n; in others, rufi-balls ; in others, 
borſe-gold; in others, marcafite; though naturaliſts are 
now, I think, agreed to give that name to ſuch mineral 
bodies as are angular and chryſtalized, eſpecially into a cu- 
bical form. The ſcientific name is Pyrites,—fiery; a deno- 
mination expreſſive enough of the property which this mi- 
neral has of ftriking fire with ſteel, and of ſpontaneouſly 
taking fire, when laid in heaps, and moiſtened with water. 
Sulphur and iron are the chief conſtituent parts of the 
pyrites ; arſenic, however is ſometimes united with the iron 
inſtead of ſulphur, and ſometimes ſulphur and arſenic are 
both of them combined with iron. The alſo, ac- 
cidentally, contains copper, filver, and perhaps gold : 
hence the pyrites have been diſtinguiſhed by mineralogiſts 
into various ſorts, by attending either to its internal conſti- 
tution, as the iron, the copper, the ſulphureous, the arſeni- 
cal pyrites ; or to its external figure, as the pyramidal, 
the cubical, the ſpherical, the priſmatic pyrites; or to its 
colour, 6 yellowiſh, yellow, crange 
. 

Though the exatder may have never contemplated the 
various ſpecies of the pyrites in any cabinet of natural hiſ- 
tory, or taken notice of ſuch kinds as are commonly to be 

met 
© Whoever wiſhes to become fully acqainted with the natu- 
ral hiſtory of the pyrites, may conſult the Pyritalogia of Hence 
kel, where he will find the origin, nature, and uſe of this mi- 
neral inveſtigated with the greateſt learning and ingenuity, 
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met with in chalk-pits, in beds of clay, or upon the ſea- 
ſhore in many places of England, yet the yellowiſh mat- 
ter, often adhering to, or mixed with the fubſtance of pit - 
cal, cannot, ſurely, have eſcaped his obſervation : that 
matter conſiſts of ſulabur and iron, and is a ſpecies of the 
pyrites. 80 much of this ſort of the pyrites is dug up to- 
gether with the coal, at Whitchaven, Newcaſtle, and 
other places, that people are employed to pick it out from 
amongſt. the coal, leſt it ſhould. vitiate its quality, and 
render it lefs ſaleable. The pieces of the pyrites which are 
ſeparated from the coal, are not thrown afide as uſeleſs, 
but laid in heaps, for a purpoſe to be mentioned hercaſter ; 
and theſe heaps, not many years ſince, took fire both 
at Whitebaven and in the neighbourhood of Halifax. 
The fame accident was obſerved above a hundred years 
ago at puddle Wharf in London, „ „ ee 
contained much of this _—_— 
mixtures of ſulphur. and iron, mated toe, 2 
tural mixtures of theſe fubſtances would ſpontancouſfly take 
fire, was known before he made his experiment. Thus, 
to omit what is ſaid by Pliny and the ancients, we are 
told by good authority, that one Wilſon at Zaland in York- 
Hire, about the year 1664 or before, had piled up in a 
barn. many cart-loads of the pyrites, or braſs-lumps, as 
9 for ſome ſecret purpoſes 
of his own: the roof of the barn, happening to be bad, 
the pyrites were wetted by the rain; in this ſtate they be - 
onate fnoke, and; greigntly. a fovs ant: bamed. like 
red-hot coals r. | 

We have an account, in the Philoſophical 12 
— W 
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* Jorden of Miner. Wat. C. xiv. 
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bour's work, e ane pre nr orien 
ſtone in the country : be built a ſhed over two or three 
hundred tons of theſe ſtones, to keep off the rain. In the 
ſpace, however, of fix or ſeven monthe, the maſs (being 
probably wetted by the moiſture of the atmoſphere, or by 
the rain, which, notwithſtanding the ſhed, might have 
fallen upon it) tb fire" and burned for 2 week ; it quite 
deſtroyed his ſhed, and diſappointed all his hopes of pro- 
fit; for the pyrites was in part converted into a ſubſtance 
like melted metal; and in part it looked like red-hot flones : 
— — 2 
n 
ni Drſetſbive” took fire, in conſequence »f 2 heavy fall ot 
rain after a hot und dry ſcaſon, and they continued at 
intervals to emit flame for ſeveral year Theſe Cliffs 
confiſt of a dark coloured bituminous loam, in which are 
3 2 
frequently obſerved 

in the abe wines, and this minerat fire ſometimes leads 
to thi diſcovery of a mine ; but wherever it is found'to e- 


u. the iron fron pyrites is diſcovered near it ®.” vt. 
g are one ſorts of from which alam is 
made, which abounds fo much with the pyrites, that the 

of the works are forced to keep them conſtantly 
well watered, in order to prevent their taking fire J— Bu 
it would be usted te purſue this fubjeR further. We 
have adduced proof ſufficient, that nature furniſhes mate- 
falk, which, under certain cireumſtances, may become 
— —— Tn 
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cumſtances are a proper quantity of the materials, a proper 
portion of water to moiſten them, and, perhaps, a commu- 
nication wich the air may be-neceflary. A.ſmall quantity. of 
the pyrites is ſufficient.to kindle a. fine. Water is almoſt 
everywhere found in ſuch great plenty below the ſurface of 
the carth, that it conſtitutes one of the greateſt impedi- 
ments to our finking pita to any great depth z and air, if it 
| thould be. thought abſolutely neceflary to the ſpontancous 
firing of the pyrites, may be conceived either to accom- 
pany the water in its dripping, or to deſcend into the in- 
nermoſt parts of the earth through: the fiſſures which are 
found upon ita ſurface. When a ſubterrancous fire is once 
Lindled, it may be ſupported for ages by other = 
as well as by thoſe which firſt gave riſe to it : thus, if a 
quantity of the pyrites "ſhould take fire. in. a ſtratum of 
al, or of ſhale, or of any other ſubſtance ſtrongly im- 
pregnated with bitumen, the fire might continue till the 
firatans was conſumed . : 4 moet ener: et 
There are ſuch a great number oſ -yolcanos nom fub- 
Fſting in every quarter of the globe, and 


_ with a ſtratum of ignited matter of a definite. thickneſs ; 
or that the whole central part of it is nothing but a maſs 
vent, burſts forth where there is the leaſt reſiſtance, ſhiver. 
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We do not know of what kind of materials the in ward 
part of the earth is compoſed. "Ic water, coal, 'parths; 
ſtones, metals, met with upon its ſurface, have, bulk for 
bulk, very different weights 3 and a fimilar i 


of the hill Scbeballa in Scotland, that the mean denfity 
of the whole carth is about four times and a half the den- 
ſity of water 3 — — — Port- 


— — — that there muſt be ſome- 
where within the carth, towards the more central parts, 
great quantities of metals, or ſuch like denſe matter, to 
counterbalance the lightneſs of the fuperficial materials, 
ſo as to make up the whole weight of the earth. Sup- 
poling the diameter of the earth to be 7920 miles, and 
hor! ht eee 


cruſt being as heavy, at a medium, as Portland flone ; 
then would the weight of ſuch an inward globe, and uh 


an outward ſhell or cruſt, be together equal to the preſent 
weight” of the whole carth. But confidering the great 
compreffibility of water, and of the ſtones and catth met 
with upon the ſurface of the globe, it is probable, that in 
deſcending towards its centre, the parts may be fo con- 
denſed as to make the weight of the earth what it is, 
without ſuppoling its central parts to be compoſed of ma- 
Abe ne | * 


-. PhiloC, Tran. ore. aha. 
1 See Mr. Mitchell's very ingenious Eſſay on Earthquakes. 
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ſubſtance is, it muſt be 
in water ; by this means all the ſalt contained in it, 
of whatever quality it may be, will be extracted. The 
water containing the ſalt in ſolution. being filtrated, eva- 
porated, and cryſtallized, according to the uſual mode, 

large ſaline cryſtals, of the colour of an 
figure of a lozenge. This falt is 
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called green witrie/; green from its colour, and vitriol 


from its. reſembling vitrum, or glaſs, by its tranſparency. 
This falt certainly did not exiſt, either in the ſulphur, 


beens by fre marie. veer, decompoſed... 
der may probably recolleQ, that ſulphur is compoſed of 
two hinge an acid, and of ti. Iron 


diſſol ved in the acid, as ſalt is diſſolved in water ; and if 
you ſaturate the acid with iron, and then evaporate and 
cryſtallize the ſolution, you. will obtain a green vitriol, 
fimilar, in every reſpect, to that obtained n 


fidue of which we are 
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If you put 16 ounces of freſh green vitriol into a retort, 
and diſtil them till nothing more can be forced into the 
receiver, by the utmoſt violetice of a long continued fire, 
you will find in the receiver about 11 ounces of an acid 
liquor, ſmellimg, in all the trials that I have ever made, 
very ſtrongly of ſulphur ; and in the retort you if find 
about 5 ounces of an earth, of a deep red or puipliſh co- 
our. The acid Hequor, dy combining it again with fron, 
may be made into vitriol; and the earth, by being pro- 
perly melted in conjunction with any matter which will 
reſtore to it its inflammable principle, may be made into 
iron. "The proportionable quantities of atid and carth 
procurable from green vitriot by diſtillation, are purpoſely 
expreſſed in terms rather indefinite, becauſe that propor- 
tion is ſome v hat variable in different vitriols. 
The earth remaining from the diſtillation of vitriol is 
called Coſturbar. I would not have troubled the reader 
with fo barbarous a name, but for an obſervation relative 
to its tie, "which may be worth 

Gee is GI for un pene pound as Paris; it is 
uſed for giving the laſt polifito plate-glaſs,' at the great 
manufaQtury in the ſtrett J. Antoine. The largeſt plate 
of glaſs which had ever been poliſhed in that manuſactu- 
ry, they informed me ten on twelve years ago, was ten 
feet in leuigtk, and fix in breadth. The glaſs is 
from Picariy ; it is there melted in large crucibles, and 
fpread, whillt quid, upon à table covered with a ſheet of 
copper; much after the ſame manner in which” 
| eaſt a ſheet of bend. The plate of glas, when fit eaſt, 
is an inch in thickneſs; its afperites ate ground away 
with a coarſe kind of grit-flone, with ſund, kat al 


of different 

by degrees of fineneſs, and it is at aſt 
— the iſe of colovthir is adopted 

. 'Englifh plate-gleſs manufaftory, near Prefeot in 


2 W 
per- 
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colcothar, which is very cheap, might perhaps render the 
_ uſe bf putty, or calcined tin, leſs neceflary.—-Would it 
not be poſſible to apply the fame kind of machines by 
which marble is poliſhed to the poliſhing of plate-glaſs ?— 
But to return from this digreffion. | 

The acid ſeparated from vitriol, by diftilation, is cal- 
led the vitriohe acid. From what” has been faid, relative 
to the formation of vitrigh, d maniſeſtly appears to be the 
mir that whack | into the compoſition of ſul- 
; and indeed the main part of what is fold as vitriolic 
acid, 90 cltained by Ag the vapour of burning 
ſulphur, neee 


_ tillation of vitriol. 


Kk muſt not be i that the acid Hqhor | 
from the diffillation of the td ounces of 'vitriol, confiſts 
intcety of he vitroic ach 3 it confiſts of that acid diluted 
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ſtrong, it has been obſerved to become ſolid : in that ſtate 
it is denominated, glacial, or icy oif of vitrialt. 
It was ſhewn in the laſt Eſſay, that natural combinati- 
ons of iron and ſulphur were ſubject to the fame ſpantane - 
ous changes obſervable in the- artificial mixtures of theſe 
ſubſtances ; and hence we may clearly apprehend the man- 
ner in which what are called native vitriols are formed in 
mines and other ſubterrancous cavities. The pyrites exiſt- 
ing in theſe places being naturally decompoſed by the ful- 
phur's parting with its phlogiſton, n 
ways dripping in mines, diffalves the vitriol 
the decompoſed pyrites ; „ a ms, 
either by the heat, or the current of air ſubfiſting in the 
mine, the vitriol is found in its cryſtalline form, either 
projecting like icicles from the top and ſides of the mine, 
or lying in cavities at its bottom. The cryſtals of native 
vitriol are more or leſs regular, according to the circum- 
ſtances attending the evaporation, of the water, and they 
are of different colours according to the quality of the 25 
rites; for together with the fulphur and iron, the 
conſtituent parts of the pyrites, there is ſometimes com · 
bined copper, and other metallic matters, which being 
diſſolved by the acid of the ſulphur at the ſame time that 
the iron is diſſolved, a mixed vitriol is produced, the co- 
lour of which is ſometimes whitiſh, + 7%; 2g bien 
fiſts of different ſhades of green and blue. 
Native vivichis efjen mer .whth in eur exat.cninge. Fon 
an old Canne/-coal pit near Wigan in Lancaſhire, I pro- 
cured a conſiderable. quantity of it very well cryſtallized , 
and Dr. Rutty has obſerved#, that the vitriolic water at 
Haigh in Lancaſhire is the ſtrongeſt in Britain, yielding 
rr "pr iuat 10 * 


nec TranC. 1756 P. 650. bes alls, 8 
of this Haigh water, which ſprings from = ſtratum of the can- 
nel-coal, Leigh's Tentamen Philo, de Fonre; Med. in Agre 


Lanes. C. I. 


CHEMICAL ESSAYS. 85 


| WhenLwas at Whitehaven, ſome years ago, I was in- 
ferized dyizhe:vaty Inolligent ſuperintendent of the coal 
works in that place, that the bottom of a pump of caſt 
iron, which had ſtood a long time in a well of vitriolic ma- 
ter, was ſo much ſoftened, that, after removing a thin 
coat. of ruſt, he was able to cut it with a knife, as eaſily 
as he could cut black lead ; it had preſerved its grain, and 
was not in any wiſe altered, except in being ſoftened. 

At that time, I attributed this ſoftening of the iron to 
the action of the wvitriohc water, and thought it a very 
fingular phenomenon: in this, however, I was miſ- 
taken ; | ſea water has the fame eſſect. Some iron can- 
non, which had lain in the ſea upwards of fixty years, 
were weighed up, and the iron was found to be as ſoſt as 
tin; though in 24 hours, by being expoſed to the air, it 
recovered its original hardneſs*, This ſoftening of iron is 
not an effe& peculiar to the action of either vitriolic or ſea 
water: I have ſomewhere read of an experiment of ſoſten - 
ing iron by ſmearing its ſurface with the acid of vitriol; 
and I have heard of a gentleman, who having frequently 


ſtirred ſaline draughts with his pen-knife, found its tempe- 
rature much ſoftened thereby. Diaderus Siculus mentions. 


a cuſtom of the Celtiberianr, by which they made their 
arms. of hardneſs; they buried plates of icon 
under the earth, till the weaker part of the iron was con- 
ſumed by the ruſt, and they fabricated their arms from the 
remainder . The inhabitants of Jaan are faid to make 
| oe r ooons ans n 
22 1 


« hs de T Acad. des Seien. a Paris, an. 1. 

1 Diod. Sic, L. V. p. 355. 

7 In itinerariis referunt — quod ferrum 
ſuum in contos excuſum locis paluſtribus immergant, et ibi 
tamdĩiu dum ad multam partem ferrugine ſit con- 
ſumtum; exemtum dein e novo ecudant, et iterum in paludi 
per ſpatium 8 vel 10 anοοο recondant, uſque dum iterum in 
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the iron is ſuſſered to lie in the ground, muſt not be toa 
long; for the iron, inſtead of being ſoftened and melio- 
rated, will in length of time be wholly changed, as is ſaid 
to have happened to Some Spaniſh cannon made of ham- 
mered iron, which had lain many years under the old 
fort at Hull in Tarkſbire; the iron being changed into a 
NT WRAY ann eve, aa refuſing 
to obey the action of the magnet . | 
Modern chemiſts apply the name witrio/, e 
bination of the acid of ſulphur witch any metallic ſabſtance ; 
three, however, of theſe combinations are more parti- 
cularly diſtinguiſhed, being of great uſe in various manu- 
acid in all 'theſe vitriols is the ſame: the metallic baſis of 
the green vntiol we have already ſeen is iron, that of the | 
blue vitriol is copper, and that of the white vitriol is zinc. 
Vitriol is very” commonly called by the manufacturers 
cofperas + inn w conſtantiy hear of green, blue, and 
White - 'The conſtuent parts of the different 
kinds of vitriols were not underſtopd by the ancients fo 
well as they are at preſent ; they ſeem to have had an idea, 
that copper was the baſis of them all: hence the Greek 
and the Latin one, cuperoſa, or cup roſa, the flower or 
cfflorefcence of copper; r 
and our copperas, are evidently derived. 
The vitriols which nature prepares, are never to be met 
with in commerce; they ſerve to adorn the cabinets of 
the curious, but they are neither ſufficiently pure for the 
purpoſes to which common vitriols are applied, nor are 
n mann . | 
which 


333 einde dei vo- 
meres fabricant, exque ferra fic pubiginolo inſtruments ſua 
7 — id. > ad: 
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which is made ſot them. Green vitriol is made at Dent 
ford, and other places, from a ſpecies of the pyrites found 
on Shepey Ille, the Ile of Wight, and various parts of the 
Effex, . Kentiſh, Suſſex, aud. Dorjetſbire coaſts. Large 
quantities of the pyrites are laid in heaps in the open air, 
on. beds properly prepared 3 in half a year, a year, two 
years, ſooner or later, according to its quality, the py- 
rites acquires a ſpontaneous heat; that heat, without be- 
ing increaſed to ſuch a degree as to fire the pyrites, in- 
ſenſibly diſperſes the inflammable principle of the ſulphur, 
one of the conſtituent parts of the pyrites ; the acid of the 
ſulphur being thus diſengaged from the inflammable prin- 
ciple, unites itſelf to the other principal — 
of the pyrites, the iron, and forms green vitriol. The 
vitriol thus formed is waſhed- from the pyrites bed by the 
rain: the rain-water which has diſſolved the-vitriol of the 
pyrites, cannot fink into the earth, the bed on which the 
pyrites is ſpread, being formed of <lay 3. andybring- made, 
into receptacles properly placed to receive it, and being 
boiled with old iron till it is of a proper conſiſtency, it is 
run off into coolers, and left to cryſtallize... Vitriol may 
| be made without the uſe of old iron, but the liquor which 
drains from the pyrites being often not ſaturated with 
iron, the iron is, added to ſaturate. the acid, and at the 
ſame time to purify it from any particles of copper it may 
chance to contain; by this means a pure icon vitriol is 
obtained, which is known in commerce under the name 


of Engliſh vitriol. The quantizy of old iron, in forme 
works, amounts to two S Fool * 


parts of the kingdom. But all the vitriol 
Wr 1 of late years 3 the home con- 


bn fumption 
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— vitjel bei h diminiſhed fince the acid, 
which uſed to be procured from the diſtillation of vitriol, 
has been obtained from the burning of ſulphur. 
Is is noteaſyto determine when this method of making 

vitriol was introduced into England. In the very begin- 
ning of Queen Elizabeth's reign, a patent was granted to 
Cornelius Devoz, for making alum and copperas ; but it 
was not till towards the end of the laſt century, that this 
art of making vitriol was brought to ſo great perſection as 
to enable us to export any of it; and, indeed , a very 
ſures us, that at the latter end of the laſt century, we 
imported annually about 300 tons of vitriol, and that we 
now export -upwards of 2000 tons.” It appears, that 
there was exported, from the port of London alone, near 
400 tons of -copperas in three months, January, Febru- 
ary, and March, 17765. A ſmall quantity of vitriol, 
perhaps to the annual amount of 50 or 60 tons, is ſtill 
imported into. England ; ſome particular dyers and other 
artiſts being of opinion, that the foreign vitriol, as con- 
taining a latle copper; is more uſeful to them than the 
I may cafily be known whether green vitriol contains 
any copper : we need only rub the vitriol to be examined 
upon a moiſtened picce of poliſhed iron, for if there is any 
copper in ĩts compoſition, the iron will be changed into a 
copper colour. This experiment renders it neceſſary to 
explain to the reader two terms frequently met with in 


, * a Gs I | $ +7 % 1 
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body different from either of them, theit union is faid to 
proceed from their mutual attraction, or, in the language 
— rr 

de conjectured, th 7 
body, of the ſame acid for inſtance, may be different with 
different bodies; its action upon iron may be different 
from its action upon copper; and its action upon any me- 
tallic ſubſtance” may be different from its action upon any 
alkaline or earthy ſubſtance z- becauſe, from whatever at- 
tractive powers we ſuppoſe its action upon any body to 
proceed, it ſeems probable enough, that their eſſects will 
be modified, according to the nature of the ſubject upon 
which they are exerted. A few inftances will make this 
K* 4 2 
that i the particles ſpirits wine y at 
— — that they unite themſelves 
with the camphor in ſuch a way, as to compoſe with it 
2 pellucid fluid, . Spirits of wine, however, more power- 
fully attract water than they attract camphor ; for if you 
will unite themſelves with the water, and the camphor 
being lighter than water, will riſe up to the ſurface. La- 
vender water conſiſts of the oil of lavender diffolved in 
ſpirits of wine. Into a glaſs of water, drop a few drops 
of lavender water ; the ſpirits of wine will quit the oil, in 
order to unite themſelves with the water, and the oil be- 
ing lighter than water will float upon its ſurface. In both 
theſe caſes, the ſpirits of wine are faid to have a greater 
affinity with, water, than with camphor or oil of lavender. 

Into a ſolution of green vitriol, drop a ſolution of pot- 
aſh, falt of. jartar, or any alkaline ſalt; the vitriolic ſo- 
lution will let fall a ſediment : continue to mix the alkali 
with the ſolution of vitriol, till no more matter falls to 
the bottom; the matter which falls to the bottom, is faid 
to be precipitated,” and it is often called a precipitate. 
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This effeck may be thus explained >—green vitrio} confifs 
of two things, —of an acid, and of an iron earth 5 but 


tze acid has a greater diſpoſition to, unite itſelf with any 


alkali, than it has to continue united with the earth of 
won; when therefore an alkali is preſented to t, it quits 
the iron earth, which, thus wanting its ſupport, falls to 
the bottom, and unites itſelf with the alkali» The acid 
of vitriol is therefore, on this account, ſaid to have a 
greater affinity with any alkaline ſalt, than with iron, be- 
hos mg — 7 OR, gs 9%, IHR 
What is precipitated may be made into irom ; and if the 
liquid which floats upon the precipitated eatth, be evapo- 
rated and cryſtallized, it will give the very kind of fair 
which would ariſe from a dire& combination of the acid 
3 —— 
on. Iwill mention one other inſtance. 
Blue vitriol conſiſta of copper — acid of 
vitriol: if to © ſolution. of bine vitriol you add a piece 
of bright icon, it will preſently become covered with 2 
coppery coat, the: copper will all be %,, and the 
iron will be diſolved in iti fiead. The proof of this rea- 
ſoning is cafy : the matter which is precipitated may be 
melted into copper, and the liquid part may, by evapora- 
tion and cryſtallization, be made, not into bh, but into 
green vitriel; that is, into a combination of the vitriolic 
acid and iron. Hence it is ſaid; that the acid of vitriol 
bas g greater affinity with von, chan it bas with copper, 
becauſe it quits copper to unite itſelf with wen. In order 
to be convinced of the truth of what is advanced, we need 
. In ann. and 
we ſhall rx Rn Aon alles bs 
copper-coloured pelliele. LOB Ot 

This experiment explains bo us, 1 h mae 
manner, the nature of that Fm into copper, 
which travellers have been ſo much forprited” at. Agti- 
cola ſpeaks of waters in the neighbourtiood'of Vu in 

Boo c Loo nao” o "it Bug Ie, 
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Ehingary, which had the property of tranſmuting the irom 
which was put into them into copper ®. In the year 167 3» 


| Biſen ware ib, lager bin ich. 
ur trag ich, gold bedeckt mich. 


__ Copper I am, but iron was of old, 
— Silver I carry, r. 


It was even at that time, he ſays, contended by ſome, 
but that the ziment water containing vitriol of copper, 
and meeting with the iron, depoſited its copper; and it 
ſeems as if he would have acceded to this opinion, could 
he have told what became of the iron. Tt is now 


2 change of place; and as the copper is 
the iron, fo the iron might be 


acid of vitriol than iron has. 

The cauſe of the impregnation of theſe copper waters in 
Germany is not difficult to be explained. Moſt copper ores 
contain fulphur, and when the ſulphur is in any degree de- 
_ compoſed, its acid unites itſelf to the copper, and forms 
n An * 


* 


eb 


3} Brown's Travels, Ed. 1687, 5. 


any other fubſtance which LS. 
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iffuing from the copper-mines are impregnated. It has 
been the cuſtom in Germany, for ſome centuries, to col- 
lect the copper contained in theſe waters; the method is 
fimple : into pits filled with the coppery water they put 
old iron; the iron is diſſolved, and the copper is precipi- 
tated, and being raked out in the form of mud, it is af- 
terwards melted into very fine copper. The quantity of 
copper procured by an hundred tons of iron, is not al- 
ways the ſame; it ſometimes amounts to 90 tons, and 
ſeldom to leſs than 84 *. 

The progreſs of afts is in many inſtances wonderfully 
flow. Though this method of obtaining copper has been 
long practiſed in Germany, yet it is but of late years that 
any ſucceſsful attempts of this kind have heen made in ei- 
ther England + or Ireland; and that they have been 
made at all has, in Ireland at leaſt, been owing not to 
the example which had been ſet in Germany, but to an 
accident. 

There are very celebrated copper-mines at Arllow in 
the county of Wick/ow in Ireland; and from theſe mines 
there iſſues a great quantity of water, ſtrongly impreg- 
nated with the vitriol of copper. One of the workmen ha- 
ving accidently left an iron ſhovel in this water, he found 
it ſome weeks after, ſo incruſted with a coat of copper, 
that it was thought to be changed into copper. The pro- 
prietors of the mines, in purſuance of this hint, made 
proper pits and receptacles for the water, and have ob- 
tained, by means of ſoſt iron bars put into the coppery 
water, ſuch quantities of copper, as render the ſtreams 
Ann IE One ton of iron 


+ Miſcel. Cui. Germ. Ann. 6& 7, P. 158, where there is 
mention made of an oak leaf being changed into copper—the 
jron contained inthe leaf, probably precipitating the copper. 

+ An attempt was made in 1571, to tranſmute iron into cop- 
per, n Hutch. Hiſt, of Dort. Vol. II. 
p. 110. 
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produces near two tons of copper mud ; and each ton of 
mud produces, when melted, 16 hundred weight of cop- 
rr 
per which is fluxed from the ore +. 

There is a mountain in the iſle of Angleſey, called Paris 
mountain, which abounds in copper ore; the bed of ore 
being above forty feet in thickneſs. The lefſees of this 
mine annually raiſe between fix and ſeven thouſand tons 
of merchantable ore, and daily employ above forty fur- 
naces in ſmelting it. The ore is not rich in copper, but 
it contains a great quantity of ſulphur, which muſt be ſc- 
parated from it, before it can be fluxed into copper. The 
ore is accordingly roaſted ; the phlogiſton, together with 
part of the acid of the ſulphur, is, by the violence of 
the fire to which it is expoſed in roaſting, diſperſed into 
the air: another part of the acid attacks and diſſolves the 
copper. The water in which the roaſted ore is waſhed is 
ſo ſtrongly impregnated with copper, that they have found 
it uſeful to adopt the German method of precipitating it 
by means of old iron, and they have obtained in one year 
near one hundred tons of copper precipitated from this 
water. 

The water, after the copper has been precipitated by 
means of iron, is at preſent thrown away; it would, by 
evaporation yield green vitriel; and as above one hun- 
dred tons of iron muſt be employed in obtaining the 
forementioned quantity of copper, it may deſerve to be 
conſidered, whether a manufatfory of green vitriol might 
not be eſtabliſhed at this and at all other places where 
copper is obtained by, precipitation. One hundred tons of 
iron would yickd, at the eaſt, two hundred tons of vitriol ; 

which, 


+ misc Trank! for 1751 and 1753, 5 50a, and for 1756. 
Aron often contains gold ; the vitriolic acid has no action up- 
on gold ; is not the 
precipitated copper, and may it hot be worth while on this 
account to afſay this copper ? 


gold contained in the iron mixed with the. 
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which, at the low price of three pounds per ton, would 
be more than ſufficient, I ſuppoſe, to pay the expence of 
extracting it; eſpecially, as means might be contrived of 
evaporating the watry ſolution, by a proper application, 
of part of that heat, which is at preſent loſt in all the 
great ſmelting | houſes. There are other purpoſes to 
„ EI Ep PIs" 1 


not inſiſt upon in this place. art n "Mitte 


"The principal uſe of green viteial is; in tying, and in 
„ When the vitriol is diſſolved in water, 
the iron contained in it becomes black by the addition of 


may, 1 hold hope, fue th or ther, became of gene 
ral fervice. bY 

I took a piece of dry. oak, which had been felled about 
2 years LEN from the Wen W 


; 2% 
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one of the 'moſt vivid blues 1 ever ſaw. If the -rafpi 
of heaft of oak be boiled for an hour in water, they 
of forming blue with vitriol; but the cold 
_ infuſion forms à fine blue; and if a ſolution of vitriol be 
upon the eaſpings, the whole is changed into a blue 
PF Cr OIUTISQEIT = L BST nn 1 749% Sf. 
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You will obtain thereby a very ſtrong acid, of a yellowiſh 
colour, and a moſt ſiffocating ſmell, and which has the 
fingular property of emitting red fumes : by the addition 
of water the colour may be rendered hh or green, but the 
fumes will - fill be red. This is the acid; or ſpirit of n- 
tre ; and it is ſometimes called Glauber” s fuming ſpirit 
of nitre, becauſe Glauber is generally ſuppoſed to have 
deen the firſt inventor of this manner of extracting it. 
Too things were diſtilled together, the acid of vitrioland 
nitre- | Nitre itſelf, we ſay, conſiſts of | two things ; of a 
peculiar kind of acid, and of the vegetable fixed. alkali : 
the acid, we have ſeen, may be extracted by diſtillation ; 
there ought, therefore, to remain, in the veſſel uſed for 
the diſtillation, the acid of vitrie! and the a/ba/z of the ni- 
tre - and there really does remain nothing elſe ; for the 
reſidue, when diſſolved and cryſtallized, is found to be 
the very ſame kind of ſalt, in all its properties, as would 
ariſe from the direct combination of the acid of vitriol 
with the vegetable fixed alkali We need not wonder 
that we do not find the alkali of the nitre, and the acid 
of vitriol in their ſeparate forms, but united together into 


rior attraQion of the acid of vitriol, that the acid of nitre 
was diſengaged from its other component part; the aid 
of vitriol expelled, as it were, the neid of nitre from the 
oy ono, ng meg nh dann 
| There 
Rn 4 — a0) 
* The word ſpinitin ufed. by chemjral woiters with. greaz 
| Jatitude; it is applied to to acids, 2s the ip pedo 
nitre, of ſea ſalt, &c. and to ih alla, nx the ſpiris 
ſa]-ammoniac, of &c. RE ani 
obtained-by diſtillation 'from wine, &c. 1 a 
tothename of ſpirits;  * * 
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kinds of as well as in gfeen vitriol 5 but it leaves 
both the and the iron of the green vitriol to unite it- 
ſelf with 

being 
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nit 


may be conſidered as a pure acid of nitre, mixed with a 


portion of the acid of vitriol. This portion of the acid of 
vitriol is thought to render the aqua fortis fitter for the 
_ purpoſes of ſome particular artiſts: thus engrævers and etch- 
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the aſſiſtance of the ,vitriolic acid. Thus I remember 
having, many -years. ago, obtained a very ſtrong fuming 
acid of nitre, by diſtilling witre with white ſand, which 
contains no acid of vitriol. F 

The artificial compoſition of nitre is eaſily effeQted. Take 
a portion of the nitrous acid, and pour it into a ſolution 
of pot-aſh, of ſalt of tartar, or of any other vegetable 
fixed alkali, till no more efferveſcence is obſerved : eva- 
porate and cryſtallize the compound, and you will obtain 
a perfe& nitre. This is uſually called a regenerated nitre ; 
and we may often ſee cryſtals of nitre almoſt inſtantane- 
ouſly produced, n 
trous acid of a due degree of ſtrength. 

lain ano ud es cotmrambatc nies ef an- 
aſh but no ſaltpetre, the ſupplying him with agua fartis 
ought to be prohibited, under as ſevere penalties a< the 
ſupplying him with ſaltpetre uſclf; becauſe, if he can 
procure the aqua fortis, it will be an eaſy matter for him, 
by mixing it with his pot-aſh, to make regenerated nitre. 
The nitre may come a little dearer to him than common 
nitre would do ; but it is at the fame time purer, and fitter 
for the preparation of gunpowder. 

Though chemiſtry exhibits to us a great variety of irik- 
ing phenomena, yet there is none more ſurpriſing than that 
which attends the mixing of the ;fuming acid of nitre with 
oil of turpentine. If you mix theſe: two fluids together in 
the ſevereſt weather, and when they are ſeverally colder 
than ice, you will ſec them inſtantaneouſly catching fire, 
and burſting forth into a dreadful flame. This experi- 
ment does not always ſucceed. with the acid of nitre, 
which may ordinarily be procured from the ſhops, becauſe 
it is ſeldom ſufficiently ſtrong 3 but when it does ſucceed, 
there is great danger in making it, eſpecially if the quan- 
tities which are mixed amount even to a few 
ounces. I have. ſeveral times ſeen a thick column of 
6. CONEFTO FUN RENe- 
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ccc 
acid of nitre on a pint of oil of turpentine. Whoever 
undertakes to make a ſimilar inflammation, would do well 
to uſe the precaution of faſtening the veſſel containing the 
acid to the end of a long pole, to prevent his being 
burned by the drops of inflamed oil, which are diſperſed 
laterally, by the exploſion, to a great diſtance. _ 
Borrichius, in the year 1671, is thought to have been. 
the firſt perſon who noticed the phenomenon here ſpoken 
of: fince that time the chemiſts of all countries have em- 
ployed much attention in repeating and diverfifying this 
celebrated In the Philoſophical TranſaQtions 
for 1699, we have a table cxprefling, at one view, the 
effſe& which the acid of nitre has upon a variety of other 
oils, as well as upon the oil of turpentine : we. there find 
enumerated 12 ſorts of oils, which, when mixed with acid 
of nitre, efferveſced, and exploded with a flame; 18 forts 
which efferveſced, but did not take fire; and 9 ſorts 
which neither efferveſced nor took fire. In addition to 
the information contained in this table, we are indebted 
to the French chemiſts, for a variety of intereſting me- 
moirs on the inflammation of oils z both by the fimple 
of vitriol. The reader will, perhaps, be fatisfied with a 
general reference to the moſt approved authors * on the 
ſubje&z . 
. 
* We 


. 1747. and 
Macquer's Elem. of Chem. Vol. II. p. 149. Eng. Fran. and eſ- 
pecially Muſſchenbroek's Additions to the experiments of the 
Florentine Academy, This induſtrious philoſopher bas there 
given us above 200 different experiments, ilhaſtrating the 


change ef temperature ariſing from. the mixture of water ; of 
ſpirits of wine ; of vinegarz of the acids z 1 
great variety of ather bodies, 


1 
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We know that a piece of iron may be hammered till it 
glows with heat; that the axletree of a carriage may be ſo 
heated, by the rapidity of the motion, or the violence of 
the friftion, as to inflame the wood contiguous to it; that 
two pieces of wood may by friction be made to take fire ; 
and we infer from theſe, and other appearances of the 
ſame kind, that the motion excited by the action of par- 
ticular acids upon particular oils, - is ſufficient to produce 
that degree of heat which is requiſite to inſtame the 
oils. - 

It does not — nfutues ef we ingpeds- 
ents which produces heat; they muſt act upon each other 
in a manner different from what accompanies a fimple 
mixture, and this action does not always take place im- 
mediately. Thus, if we mix à parts of ſpirits of wine 
with 1 patt of freſh'fuming acid of nitre, the mixture will 
often remain cold for near ten minutes, but it will at laſt 
begin to acquire a great degree of heat, and it will boil 
with great violence for a confiderable length of time. In 
like manner, by mixing together equal bulks of ſtrong 
acid of vitriol and water, we may excite a degree of heat 
greater than that in which water boils :- but it is not a fim- 
texture of the body ſeems to be broken; for the compound 
occupies leſs fpace than what the two i would 
have occupied, had there only been a fimple mixture. A 
pint of water mixed with a-pint of oil of vitriol will not 
make a quart, as it would d, if mixed with a pint of 
milk; but then no heat would attend its mixture with 
milk, and a very great degree of heat attends its mixture 
with the acid of vitriol. It cannot be ſaid; that the acid 
of vitriol is received into the pores of the water; for then 

2 ſmall portion of acid might be diſſolved in a large por- 
tion of water, without” its bulk F ; but the 
n e n n in he 
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words of Dr. Hooke, (who firſt obſerved that acid of vitri- 
ol and water when mixed together poſſeſſed lefs ſpace than 
when ſeparate) a penetration of Dimenſions F.—ls heat ever 
Teited by the mixture of two fluids, when the bulk of the 
2 2K» buſts of the tao in- 
_ gredients? 

brad ef chm abc ah ai wa. 
or with ſnow water, produces a great degree of heat; 
when mixed with water congealed - into ice, or ſnow, it 
produces the greateſt degree of cold which has ever been 
obſerved on the ſurface of the earth; and this property of 
the acid of nitre has given occafion to one of the fineſt diſ- 
coveries of the preſent century, the converſion of quick- 
filver into a malleable metal. 

In the year 1759, uges the 24th dey: of December old 
_ file, there was obſerved a greater degree of natural cold at 
Peterſburgh, than had ever before been noticed, fince the 
 Fahrenheit's thermometer ſtanding at 66 degrees below 
the freezing point. -In a few days the cold grew more in- 
_ tenſe, "ſo'as to make the thermometer, on the a6th of the 
fame month, fink to 747 degrees below freezing.” This is 
_ eſteemed the greateſt degree of natural cold which has 
hitherto been obſerved at Peterſburgh. This cold, though 
very great when compared with what we experience in 
England in the ſevereſt ſeaſons, is far leſs than what is 
ordinarily felt in Siberia; 120 degrees below the freezing 
point, having been oſten obſerved; and on the 5th of 
January 1735, the thermometer fell to 1575 degrees be- 
TS Wikis this degree of cal was fr pub- 
H 3 * liſhed 


1 Wee Exp. ba 1719. f. 294. | 
la che treatiſe (Novi Commen, Petrop. Tom, XI) from 
which this account is principally extracted, the degrees of heat 
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liſhed to the world by Gmelinus, who made the obſerva- 
Few Feneſeiſt, many ſuſpected the truth of the account, 
the accuracy of the obſervation ; but their 
ſolpiciotis were founded, for am equal, if not a greater 
degree of cold was obſerved in Sweden in 1760 +3 and we 
ſhall ſce preſently that a cold even greater than what is 
here mentioned, A bro eperieaced in other places of 
Siberia, as well as at Jeneſtiſk. p 

Fakrenheit in 1729 Nee degred-of- anificial 
cold he could produce, by diffolving pounded ice in ſtrong 
acid of tre and he was very much ſurpriſed at the event 
of his experiments, for the quickfilver ſunk to 751 degrees 
| below the "freezing point. Boerhaave calls this diſcovery 
a thing incredible before, .and-aſks with, aſtoniſhment, 
what mortal could ever have thought of it? Nature, ſays 
he, hac never produced a dagret ol cold greater than 32 
degrerb below trecning 1, and all animals and v . 
_ expoſed to ſuch a ſeverity of cold inſtantly periſned . 
- this obſervation: Bocrhaave was certainly miſtaken 5 2 
doth animals and vegetables can exiſt in degrees of cold 
vhich are far ſuperior even to the utmoſt artificial cold 
Which Fahrenheit produced. Several philoſophers have, 
at different times, repeated Fahrenheit s experiment, but 
without being able to nnn 
5 — at laſt on the-x41h.of December, in 
the year before mentioned, began his experiments, Sib 
no other view than that of: producing a gregtet degree of 
cold than any perſon had done before him ; for he rightly 
conjectured, that the greater the degree of natura cold 
. the greater would be that of the ar- 


tificiat 
2 ter dut Fabcenbeit's being 8 in Eogland, have 
every where ſubſtituted the correſponding degrees of Pubren- 
n * 
1 Novi Comm. Petrop. Tom. VI. b 39+ Sum D., 
® Boerh. Chem. Vet bp 163. 
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tificial cold. With this deſign he followed, in his firſt at- 
tempts, the proceſs of Fahrenheit, pouring the acid of 
nitre on powdered ice; and he ſuceceded to his wiſhes, 
having made the mercury fink to 100 degrees below the 
freezing point. With hopes of producing a ſtil] more re- 
markable cold, he continued his experiments; in the 
courſe of which, having uſed all his powdered ice, he 
ſubſtituted ſnow in its ſtead, and to his infinite ſurprize 
and ſatisfaction, he found the mercury had deſcended to 
384 degrees below freezing. Suſpecting that his thermo- 
meter was broken he took it out of the mixture, and found 
it uninjured; but he was beyond meaſure aſtoniſhed at ſee. 
the tube: | did not begin to aſcend till it had ſtood above 
12 minutes in a warm room. He communicated this diſ- 
covery to the Academy at Peterſburgh, on the 17th of 
the ſame month, and ſtated the-congelation of quickfilyer 
as a probable truth; for he had concluded it to be frozen, 
from its remaining for ſo long a time immoveable in a 
warm air. In a few days he repeated his experiments, 
and purpoſely breaking the bulbs of ſeveral thermometers, 
he bſerved the mercury to be congealed in them all. 
| m the moſt poliſhed filyer in 
luſtre ; was in ſound and like lead ; for he 
hammered it, and cut it I a ha. before the heat of 
the atmoſphere reduced it to its former fluid ſtate. This 
wonderful diſcovery excited the attention of his colleagues 
in the Academy; his experiments were ſucceſsfully re- 
peated by ſeveral of them 3 and it was further obſerved, 
that ſolid mercury funk in fluid mercury, after the man- 
ner of metallic ſubſtances in general. 

The congelation of , quickfilver, notwithſtanding the 
accurate account given of it by Braun, and the many eye- 
witneſſes of the fact, has been queſtioned by counſellor 
Lehman of Peterſburgh. According to his obſervation, 


* r natny Braun in his expe- 
runents 
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riments was diſtilled in the common way, through wa- 
ter, and the water only was frozen, and not the mercury 
Itſelf; but having employed mercury diſtilled without wa- 
ter, and carefully purified from all watery particles, the 
did freeze when ſet in ſnow mixed with ſpirit of nitre, or 
ſpirit of ſal ammoniacy.” In reliance upon the juſtneſs. of 
this obſervation, it has been affirmed that mercury is a 
ſemi- metal, which continues fluid in the moſt intenſe 
freezing, cither natural or artificial, or when both are 
combined.” I do not think this objeQion of counſellor 
Lehman of much weight, when put in competition with 
the great number of experiments which Braun appears to 
have made with. accuracy, and related with fidelity. He 
himſelf hints at this objection, in the ſupplement which he 
publiſhed to the account of his diſcovery ; but he does not 
formally refute it, as not thinking it of ſufficient conſe- 
__ quence®. The vapour of diftilled mercury is indeed ge- 
nerally condenſed in water; but the mercury is afterwards 
ſtrained through leather, and otherwiſe cleanſed ; fo 
that I do not apprehend that it contains any water eſpecial- 
ty that which is uſed in thermometers ; for in making of 
thermometers, the mercury is expoſed to a great heat, 
which would clefiually rr 
any were left adhering to it. 

The author of this fine diſcovery has made many experi- 
ments, in order to determine what is the ſmalleſt degree of 


| + HG ee i eee 
ſter, in his Introduction to Mineralogy, 1768. p. 32. 

* Cogitarynt quidam mercurium forſitan vel ob impuritatem, 

vel ab admixtam mercurĩo aquam cougelari, ſed bac hypotheſis 

quam quidam ſumſerant, eft falfiſima, omnem in corporibus 


eri congelationem ob aquam contentam. Novi Com. Petro. 
Tom, XI. p. 307. 
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quickfilver by an artificial cold, arifing from the mixture 
of acid of nitre and ſnow, ſucceed ; and he is of opinion, 
that the degree of natural cold ought not to be leſa than 
30 degrees below the freezing point, to make the con · 
gelation begin; and that it ought to be 42 degrees below 
freezing, to make the congelation complete. It ſeems, if 
we may rely upon theſe experiments, that we can have 
very few opportunities of attempting on rational grounds 
to freeze quickfilver, by means of ſnow and acid of nitre ; 
for it very rarely happens that the natural cold in England 
is 30 degrees below the freezing point, at leaſt near the 
_ ſurface of the earth. This reſtriction is added on account 
of ſome obſervations which are fajd to have been made at 
Glaſgow, in January 1780. On the 14th of that month, 
at fix o'clock in the morning, a thermometer placed upon 
the ſnow in the obſervatory park, ſtood at 55 degrees 

freezing, whilſt one laid upon the fnow near the 
828 8 


chan at the bottom, eſpecially if the 
into 2 point, ſo as not to afford 2 
to heat the ambient air. | 


| gular contraQtions which it is obſerved to ſuffer, juſt be- 
fore it begins to be ſolid; it continues to deſcend, after 
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the part contiguous to the bulb of the thermometer be- 
gins to freeze; but probably, not lefs than 600 degrees 
below freezing, are requiſite to congeal it wholly. It is 
remarkable, that oil of ſaſafras wood, of chamomile 
flowers, the liquor which remains from the boiling of fea 
falt, and ſeveral other fluids continued uncongealed, in 
the fame degree of cold in which was frozen. 
_ _ Since the diſcovery of the congelation of quickfilver 
mache by profeſſor Braun, philoſophers have been very at- 
_ tentive, in many places, to eſſect the ſame thing by the 
fame artificial means ; and they have ſucceeded in fome 
_ places, particularly at Albany fort in Hudſon's Bay, 
where quickfilver was frozen by Mr. Hutchins on the 
Igth of January, 1775, the cold of the air then being 
60 degrees below the freezing point.” In this account” it 
is obſerved, that the ſtandard thermometer, when taken 
out of the mixtjire of äcid of nitre and ſnow, fell 10 
degrees lower than when the bulb was ſmncrſed | in the 
mixture. A firnilar phenomenon had been obſerved by 
„ or Braun more than once; and he accounts for it 
- from the acids continuing to diſſolve the ſnow adhering to 
© the thermometer May Deer pedckied ilk the e 
» which the milfs adhering to the bulb of the ther- 
 mometer is evaporated, in © conſequence of the great 
"warmth of the air when compared with the coldneſs of 
"the moiſture'ſ] ? The Ruffians being more favourably 
_ fituated than moſt other philoſophers for making experi- 
ments on the efſeQs'or cold, it is from them that we muſt 
ax peE the further proſeittion of this fabje&; I will thete- 
| fore lay befare the reader, an account of the 
_ of quickfilve, by the neural coldnefs of the atmoſphere, 
which prevailed dt A, in the fouthern part of the 
province of Tobolſt : the account is tranflated from M. 
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„The winter begun this year very carly, and was. felt 
with uncommon ſeverity in the month of December. On 
the 6th and 9th of that month, there was the hardeſt 
froſt that I have ever obſerved in Siberia; the air was 
calm, and as it were thickenedz fo that in a quite clear 
y, the ſun was ſeen as through a fog. On the fixth+in 
the morning, I obſerved my thermometer, which had 
been carefully made, but was not- graduated above 102 
degrees below freezing ; the quickfilver was ſuuk into the 
bulb, except ſome ſmall pieces which were clodded toge- 
ther, and ſtack in the ſtem: this was an aceident which 
I ad” waver” cagerienchd with the ſame thermometer, 
though I had uſed it eight years. Upon carrying the ther- 
 mometer into a warm room, the clodded pieces fell imme 
diately into the bulb, but the quickfilver did not begin 
to aſcend till near a minute after. I repeated this experi- 
ment ſeveral times with the fame ſucceſs, there remaining 
in the tube ſometimes only one, ſometimes ſeveral little 
Pieces of frozen quiet iber. When the quickfilver in che 
bulb was warmed by the application of a finger, it pre- 
ſently roſes and it was plainly ſeen, that the part which 
was frozen in the ſtem refiſted the riſe of the quickfilver 
a confiderable time, and was at laſt thruſt upwards, aſ- 
cending with. a ſort of violence. I expoſed to the cold 
about a quarter of a pound of quickfilver in an open veſ- 
ſel; the quickfilver had been cleanſed as much as poſſible 
by vinegar and leather, and it was well dried: in leſs 
than an hour its ſurface was frozen, and in fome mi- 
nates after it was all condenſed by the natural cold into a 
ſoſt ſubſtance like pewter. When the inner part was ꝓet 
in a fluid ſtate, the ſurface being broken, was wrinkled 
in fore places, but the greateſt part remained pretty even 
in freezing, as was the caſe alſo with a larger quantity of 
* which was frozen upon another occafion. 

matter of N > on 
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lead, but more brittle than pewter, and when hammered 
- into thin plates, it ſeemed ſomewhat granulated; but if 
the hammer was not perſectly cooled, then the quick- 
 kilver glided from it in drops; the ſame happened if 


it was touched by the finger. In a warm room the quickfil- 
ver thawed like wax over the fire, 8 
at once. If the frozen maſs was broken in the cold, the 
pieces clung together, and ſtuck to the fides of the veſſel 
. wherein they were placed. Though the froſt towards the 
- night ſeemed to abate a little, yet the frozen quickſilver 
remained unaltered, and the experiment with the thermo- 
meter could ſtill be repeated. On the 9th of December 
I ad, during the whole day, occafion to make the ſame 
_ remarks; but ſome hours after ſun-ſetting, there came on 
_ = north-weſt wind, which raiſed the thermometer to 78 
degrees below freezing, when the begun to 
- difloelve. - Shortly after this, I was favoured with an ac- 
_ cvunt from M. Licutenant General de Bril, Governor of 
- Iriuzk, that ia the ſame town, at 4 o'clock in the morn- 
 ngoſthe geh of December, the mercury had * 
- faſt frozen, both in the thermometer and barometer, bath 
l had been made by profeſſor Laxman when he 
- reſided in Siberia. It ſtood in the barometer 27 inches 7 
mines, and the upper five lines were quite broken, but it 
nan hquid again. at 23 in the ſorenoon. The thermome- 
ter was clodded at 76 degrees below freezing; and under 
ce bitt degree below freezing there was an empty ſpace 
1 Towards 11 o'clock all was gone 
into the globe, and at one o'clock when it was again 
| come into motion, it ewes 124 degrers below freezing.” 

From theſe diſcoveries of the Ruſſians we are fully au- 
- Wberined in envibiiving quickihves vs p boctal, which re- 


_ | quires a greater degree of cold to keep it in a ſolid fate 


than is ordinarily met with upon the ſurface of the earth: 


Bold, and filver, and iron, if, carried nearer to the ſun, 
. would be perpetually fluid; and quickfilver, if removed 
further from it, 29 nay, it may 

be 
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be fairly doubted, I think, whether there may not be 
re of the carnk cada 
to keep quickfiver in a ſolid ſtate, at leaſt during the 
greateſt ſeverity of winter. 
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Of the manner of making Saltpetre in Europe, and of its 
generation. 


enn hos res 56 he 
compoſition of gunpowder ; hence, after the diſcovery of 
„ all the ſtates of Europe were eager in their 
endeavours to amaſs large quantities of ſaltpetre, and 
ſtudiouſly ſought out various methods of ing it : 
for faltpetre is by many looked upon as the production of 
art rather than of nature. 

Gunpowder was very probably made in England fo 
_ early as the year 1417. In Huy the Fifth's directions 
for equipping his fleet with all requiſites, under the gene- 
INE VF 207 YEEIn mane of Corſyners/, 
and of viginti piparum de pulvere de carbonibus ſalicis v. 
Theſe twenty pipes of willow-coal powder could be for no 
other purpoſe, one would think, than for the making of 
gunpowder, if gunpowder itſelf did not come under that 
denomination. Three years before this, 2 proclamation 
had been iſſued, forbidding the exportation of gunpow- 
der 3 and, in thoſe early ages of commerce, it may be 
thought unlikely that gunpowder would be fiſt imported 
into England, and then exported again. Hollingſhed, in 
his Chronicle, ſpeaks of the capture of two French veſſels 


. Rymer's Feder, Tom. Xl. p. 543- 
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in 1386, with a great quantity of gunpowder, which, he 
ſays, was worth more than all the reſt of the cargo. But 
had no gunpowder been then made in England, it would 
have been natural for him to have mentioned that circum- 
ſtance. This, however, is mere conjecture; and a more 
diligent ſearch into antiquity may, perhaps, ſhew it to be 
ill founded. There is a diverfity of teſtimony on this ſub- 
je& z one author * aſſerting, that Queen Elizabeth was 
the firſt of our princes who cauſed gunpowder to be 
made in England ; another + informing us, that a houſe 
near .the Tower, in which gunpowder was made, was 
blown up in the reign of Edward the Sixth, and fifteen 
- gunpowder-makers ſlain by the accident. But whenever 
gunpowder was firſt made in England, it is not without 
reaſon that we ſuppoſe it to have been made of faltpetre 
manufactured in England ; fince it is not at all likely 
that any foreign power would permit the exportation of 
fo important, and, at that period, fo ſcarce a com- 
modit y. | 

Before ſuch large quantities of ſaltpetre were imported 
from the Eaſt Indies, the manufacturing of it in England 
was much attended to; though it appears, from a procla · 
mation of Charles the Firſt, in the year 1627, that the 
ſaltpetre- makers were never able to furniſh the realm with 
one third part of the ſaltpetre requiſite, eſpecially in timo 
of war. This proclamation was iffued in 1627, in con- 
ſequence of a patent granted, in the year 1625, to Sir 
John Brooke and Thomas Ruſſel, for making faltpetre 
by a new invention F. In this new invention great uſe 
was made of all forts of urine : for the proclamation or- 
ders all perſons to ſave the urine of their families, and as 
much as they could of that of their cattle, to be fetched 


away 
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away by the patentces, or their affigns, once in 24 hours 
in the ſummer, and in 48 hours in the winter ſeaſon. 

This royal proclamation was no ſmall inconvenience to 
the ſubje& ; but it was not ſo great a one as that by 
which the ſaltpetre makers were permitted to dig up the 
floors of all dove-houſes, ſtables, &c. the proprietors be- 
ing at the ſame time prohibited from the laying of ſuch 
floors with any thing but mellow carth. To this griev- 
ance all perſons had been ſubjected by a proclamation in 
1625, which was revived in its chief extent in 1634, the 
new invention not having anſwered the purpoſe for 
which the patent had been granted; and it was not till 
the year 1656. that an act of parliament paſſed, forbid- 
ding the ſaltpetre makers to dig in houſes or lands, with- 
out leave of the owners. 

As in England the carth impregnated with the dung of 
pigeons, the urine of cattle, &c. was formerly ſuppoſed 
to belong to the crown ; ſo in France the rubbiſh of all 
old houſes, the mellow earth of ſtables, cellars, &c. does 
at preſent belong to the king. In the dominions of the 
king of Pruſſia, and in many parts of Germany, the in- 
habitants are obliged to build mud walls of any fat qprth 
mixed with ſtraw ; and theſe walls, in a longer or ſhorter 
time, according to the quality of the materials of which 
they are built, and the fituation in which they are placed, 
become impregnated with ſaltpetre. 

There are a great many materials from which ſaltpetre 
may be made: in general, all animal and vegetable ſub- 
ſtances, when mixed with lime-ſtone carths, or marles of 
different ſorts, in ſuch proportion as to excite a putre- 
faction in the maſs, are proper for this end. The parts 
of animals, without any addition of earth, are faid to 
yield faltpetre by putrefaQtion. Urine ſlightly putrified 
gives ſaltpetre in a fall quantity 3 being fully putrified, 
of amines: © = 74h - «wo 


* Kunck, Chem. Vol. II. p. 296. 
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and left it to putrify in 4 warm place till it was reduced 
to earth: he obtained, by this means, above five pounds 
of ſaltpetre from one hundred pounds of blood F. If this 


11 
1 


Lf 
= 
{ 


4.34 
q- 
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works eſtabliſhed in England. There have been many 


projects propoſed for making it, both in the laſt and pre- 
ſent century, but they have all ended more to the diſad- 
vantage than the emolument of the undertakers. The 
Socikty for the Encouragement of Arts and Manufactures 
in vain propoſed premiums for the making of ſaltpetre, 
from the year 1456 to 1764 : theſe-premiums were ne- 
ver claimed, and a ſaltpetre work which was, about that 


* The reader who wiſhes to know more of the manner of 
making ſaltpetre, may conſult à very good paper of Mr. Hen- 
ſhaw's, in Biſhop Sprat's Hiſtory of the Royal Society, p. 260. 
or Newman's Chemiſtry, publiſhed by Lewis, p. 197. or Glau- 
ber's Proſperity of Germany ; or Clarke's Nat. Hiſt. of Salt- 
petre: the manner of making it in Podcolia is deſcribed in 


Philoſ. Tranſl. 1763. — 
t Doflic's Memoirs of Agriculture, Vol. I. p. 197. 
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— principally, 
it is apprehended, to the dearneſs of the wood aſhes ge- 
nerally uſed in this ſubſtance, and to the high 
price of the labour which muſt be employed in collecting 
and manufacturing the 


again evaporated, and it again yielded very good falt- 

'but I could not obſerve, that there was any oc- 
caſiom for wood aſhes to make any part of the ſolution 
of ſea 


1 05 I _ 

. 4 ow | & T5 1 ** | 
©® — nullum nimm G pobis hie in Europa netum cognaſci 
cujus nntiritatem non ingreditur fol i nus qui in cineribus ligno- 
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ed, that the vegetable fixed alkali is one of the conſtitu- 
ent parts of ſaltpetre ; but it is contended, that the burn · 


we ſee, from this experiment, that it was as 
formed in the mortar as the ſaltpetre itſelf was. 


ſefflon. Þt is « lid e hard ; when diſſolved and 
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efflbreſcences which were found in the mortar, and are 
frequently to be met with on old damp walls, and from 
which the word ſaltpetre, or falt of ſtone (/al petre), 
ſeems to be derived. Many authors “ have affirmed, 
that the ſalt of theſe ſhoots is the mineral fixed alkali. I 
have reaſon, from my own experiments on the ſubject, to 
believe, that the affirmation is true in ſome inſtances 3 
but it muſt not, I apprehend, be generally admitted, 
 fince we have ſeen that thoſe ſhoots yield, in ſome circum- 
ſtances, not the mixer! alkali, but a perſect ſalipetre. 
With great diffidence I propoſe it to be conſidered, 
whether the ſame ſaline ſhoots which in ſome caſes conſti- 
tute the mineral fixed alkali, would not, if left to them 
felves on the ſame place where they are produced, be at 
length converted into ſaltpetre. The operation of nature 


lowing facts. © Near the city of Xen $i in China is a 
town, about which the land produces three things. One 
is the ſoap they uſe there, called Lien; they know no- 
ching of ours. After it has rained, if the ſun ſhine, 


+ Churchill's Cell of Trat, Vol. I. p. 49- 


Tranf.. for-3774-/ p. 485.—Opas' Chym. by Marggraaf, Vol. 


— 
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wholly of the mineral fixed alkali. <©* Upon the coaſt of 
Coromandel,” in a fandy ſoil, not far from the ſea, the in- 
| habitants gather, every morning, an earth abounding with 
a natural alkali ; of this carth they make a ley, which 


being ſharpened by quick-lime, they uſe in fixing their 


common — r — 
from it, as is done from the Chineſe 


before mentioned, and the two accounts confirm 


ncerning the nitre or natron of the ancients; ſome hold- 
ing it to have been the mineral fixed alkali, and others 
eſteeming it the ſame with our faltpetre ; for it may in 
fact have been either one or the other, or a mixture of 
both, according to its age. 
It may in the laſt place be remarked, that ſea falt does 
not always accompany ſaltpetre in the earths where it is 
generated, fince not a grain of ſea falt could be obtained 
from a large portion of the decayed morter. From the 


+ —— fi vero ſuo is loco relinquitur alcali 

tum, /ponte in nitrum fe tranſmutar. —— Miſcell. Cur. Germ. 
ann. 9. & 10, p. 460 There is an account in the Philoſs- 
phical Tranſyftions for 1771. p. 567, of a folfle alkaline falt, 
found in the country of Tripoli in Barbary, which our callico- 

printers thought anſwered their purpoſes better than any other 
ſalt they had ever tried, This obfervation confirms what is ſaid 
of the uſe of this falt found on the coaſt of and 
teaches us to attribute the excellency of the E aft India colours 
to the nature of the alkali uſed-io fixing them. The French 
dyers uſe an alkali prepared from the burning of tartar and 
lees of wine: this alkali is of the kind ; and the ſupe- 
riority of their colours over thoſe other countries, has 
been attributed to the great purity of 5 er ff 
uſed. Memoirs de Chem, Volk; II, p. nn 


CHEMICAL ESSAYS. 117 


| ies of ſea falt uſually found in faltpetre eartha, 
fome chemiſts have conjeQtured, that ſea: falt was in- 
ſenfibly changed into ſaltpetre; and others have ſup- 
poſed that the ſame natural ' proceſs which produced ſalt- 
petre produced alſo ſea ſalt. lan gr: 12rd, wt 
ment renders this laſt ſuppoſition ſomewhat doubtful: the 
| matter, however, is not certainly eſtabliſhed either way, 
| and there is great room for further inveſtigation. | 
This feads us to the conſideration of a queſtion of very 
difficult decifion—How is ſaltpetre ed? I am not 
aſhamed to own my inability to anſwer. this queſtion in a 
manner ſatisſactory even to myſelf. There ate powers in 
nature in a great meaſure unknown to us, by which the 
parts of matter are ſubjected to perpetual change, and 
forced to afſume arrangements from which new com- 
pounds are —— The ſweet; bitter, and 
aromatic - juices of vegetables, the blood; © bile; milk, 
urine, far,” and bones of animals, are all of them as 
different from the ſubſtances from which they are com- 
poſed, as ſaltpetre faltpetre is from the earth from which it is ge- 
nerated : but the one being a-more common proceſs of 
nature than the other, it does not ſo much aſtoniſh us, or 
excite our curiofity to account for it. The anſwer of the 
= who was aſked if he knew bow the faltpetre 
was yearly regenerated in his grounds, ſeems to include 
alt that philoſophy can ſay on the ſabje& : *© I have two 
nnr 
J collect ATE] 
„N e thank Whck the air wis nee Gone by alt 
chemiſts as the e N 
carths in which it was found were | to have at- 
tracted it, ready formed, from the air: "Inſtead of falt- 
e NY OEMS Ns 
3 2 
Eva 
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*The manner in which nitre is originally obtained in 
the Eaſt Indies, is (as I have it on the authority of a per- 
ſon of unqueſtionable veracity, who made it his particu- 
lar buſineſs to procure a juſt information) according to 
the following account. There is a very tall kind of graſs 
growing in the country where the nitre is produced ; 
which being burnt cuſtomarily in the autumn, forms beds 
of very large extent, covered with ſuch ſalts and earths, 
reſulting from the incineration, as are the moſt proper 
matrices for the formation of the nitre. Theſe, lying all 
the winter on the fides of hills expoſed to the winds, con- 
ſequently collect the nitrous ſpirit from the air, in the 
ſame manner as when ſpread by art with that intent ; and 
produce great quantities of nitre. After this a rainy ſea- 
fon enſues, which waſhes the ſalt down into the vallies ; 
where the ſolution, partly abſorbed by the eatth, and 
partly flowing above it, is expoſed to the heat of the fun, 
that makes an evaporation of the bumidity, and leaves 
the falt in a dry ſtate, either commixt with the earth, or 
on the ſurface of it; and this ĩs ſometimes artificially af- 


purified in that ſlate, is afterwards reduced into a cryſtal- 
line form by evaporation . | D 15) * en ha wr) 

4 Saltpetre is likewiſe the produce of Patna. It is ex- 
tracted from a clay, which is either black, whitiſh, or 
red. The manner of refining it, is by digging a large pit, 
in which this nitrous carth is depoſited, and diluted with a 
quantity of water, which is kept ſtirred till it comes to 2 


* 


e Dale's Iaſtitutes of Chem. Vol. IL p. 331. 
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and the groſſer parts ſubſiding at the bottom, the more 
fluid particles are taken out and put into another pit not 
ſo large as the former. This ſubſtance having undergone 
a ſecond , the clear water that ſwims on the top, 
and is totally impregnated with nitre, is taken off and 
boiled in caldrons ; it is ſcummed while it is boiling, and 
in a few hours a nitrous ſalt is obtained infinitely ſuperior 
to any that is found elſewhere f. The Europeans ex- 
port about ten, millions of pounds for the uſe of their 
ſettlements in Afia, or for home conſumption in their re- 
ſpective countries. It is bought upon the ſpot for three 
fols (1d. ) a pound, at the moſt; and is fold gw to 
us for ten (d.) at the leaſt ||. 

- By the enquiries which I have had an * 
making,: from gentlemen who had long refided in the Eaſt 
indies, I can only learn, that there are certain carths na- 
turally impregnated with ſaltpetre, and that the inhabi- 
tants throw up theſe carths in little heaps, reſembling the 
heaps in which lime is ufually ſcattered over a field before 
it is ſpread ; and at a proper ſeaſon they extract the ſaltpe - 
tre, and cryſtallize it without making any uſe of the aſhes 
of burnt vegetables. This method of making faltpetre is 
much the ſame with that practiſed in Egypt, as deſcribed 
by an author ncar an hundred years ago. The ſurface of 
the earth, we are told, where ſaltpetre is found, is in ſome 
places covered with a whitiſh cruſt; in others the ſak is diſ- 
covered by the taſte of the carth. This earth is dug up, 


and being paſſed through s fieve, they ſteep it in water, 


and then boil. the water till the ſalt falls tothe:bottom. Alt 
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nitre excels that made in different parts of Europe. 


| Hiſtory of European Sentlementy in the Eaſt and Welt lo- 
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ſaltpetre ; which ſhews the ſalt thus procured to have 
been not the mineral alkali, but a true faltpetre. - 

That this is a very poſſible method of making ſaltpetre 
is certain, net cnly from eee 
mortar mentioned in the preceding Ray, but from what 
is conſtantly practiſed in Spain, where they extract large 
quantities of 2 = 495 4 
with it, without having recourſe to vegetable aſhes. 
third part of the uneultivated — io 22-6 
abound with ſaltpetre ready formed. Theſe lands, where they 
are wrought for ſaltpetre, are turned over two or three times 
in the winter, and ſprings ; and in Auguſt they throw the 
earth in heaps, and extract the faltpetre, by pouring wa- 
ter on the earth, put into proper veſſels,” and 
lizing the folution. The earth, after the extraction of 
the faltpetre, is ſpread on the ſame ground from which it 
was taken, and at the expiration"ef twelve months it 


2 


nnr ce 
qui eſt le vra Journ, de Scavans 1685, 
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The Bak Indie-tompeny had their Gold charter. granted 


in 1600: in the-year 2628, they publiſhed their petition 
and remonſtrance to the Houſe of Commons. From: this 


68. 24 
e _—_ 
vir 3c arts et badi: rin Ang fond C. 4 


an t 1763742580. 2:26 _ 
and a heb adrian. 1 Ne __ E 85 1 


. 61 21 2 4 (2 
eff llc 71 & 1 = 

| — » $24 22 
$44 it — . . 2 


E42 
\ OLI 247 Wo arm 
36 is 2:1 5 


£1 = LES Y = 
*K3 Mogi 1: 


a A fleet in' i Hjetted z1 { 
e 1 85 yet ud cry 2 
great quantities of ſa which annually brou 
into Europe from n the Bat Tndis i. reckoned that Favs 


of the whole pr that commodity are ſent China, 
her PE EIS hs 


Y - 
5 


— —— ——— ooo + Co 


, S 


77221 3 25 


Total exported in 7 years 47,10 C. 29. 3b. This quant 


| a * 
m — 1762, to Dy 1769. | 


1765. 


119 3 17 


| 1768. 


C. q. lb. 
FEBS 
1 


61 0 13 
538 © 9 


'70 * * 


an 2” 9 a 


6-3: -- + © 2 of 

4 3 4 0 11} 4 © 21 

. & » 0 2 1 

27 © 7} 22 © 10 25 2 
6 1 ne 
— 4 Es «4 
I 2. 1 3 19 3 0 12} 2 © 2 3 16 
13 © 8 2 14] 203 of 44 2 22 2 7 
3 1 6 O 20 7 2 7] 12 3 6 2 19 
+ oo EEG or vo o > 
8 1 52 2 8 23 3 17} 49 1 200 37 © © 
292 „ „ ͤ 1 I ERRTCST SSR 5 6 © 6 
20 2 25 3 47 2 12] 43 © 2} 48 2 10 


5-589 2 1814.549 1 3 


This quantity gives an annual medium of 752,168 Ib. 


4 * 
9 


LO TOY 


4 


* 
=y” + C * 4- 4 © # % - * * 1. 
* - * 
4 __— 8 " , J 5 a, w 
. df 
0 * - 
b — o 2 - - 
+ - 
. = 
. 
* 
Fd . 
+ 7 | 
"= E . 4 4 
1 * * 1 — 1 
* 
* 
* 1 0 " 
| ' bv © ? 
. FI 
o i * 
0 P 2 H 
— — * 
, * 
o _ . 
b 4 80 , 
bg” " , . 5 
” * 4 . r v . 
bo — 
* - 1 = 
4 — 
1 
o * * £ 
LS * 
. * 
- 
- 
. 
4 ” 
* 
* - 
* 
* = 
* 23 , 
" ws. * " * 
* 
" 1 


* 


4 4 o ” 
% 
- * * 
— 7 * 
. 
. 4, 
* 16 = 
. * 9 * 
n 2 
- ET 
1 
3 
— . 
- 
1 
* 
- 
, 
- 
. 
. 


ww Quilts - tr: Gs © BY wie: Wer eos oe Yo BY GO WY: Oe rey we AO OY OOO. 


* 
= - i 
: 4 5 , 0 1 
0 * p 
ff : | 
5 4 4 p 
. 
- U 
. 
, N 1 1 *% 
a * * 
* = 
. 
MA 
= . . - 
2 P * M 
p . 
. 
- o 
- = 
x F 2 
mNDQ—N77— — ͤ ͤ—EGæUë⁴dð — — ah i. 
— — = — — — 
* 
* 
* , 2 | 
* - -t R 
„ *. 
* U - 
* 
— 4 - — — 
* * 
-—4 
wW 4 - 
* * . . * 9 - 
* - 
: , > p 
= . ” * 0 1 
- 7 , * } 
% * 1 . -— . 
-- 
* 
- 
had - 
* * # = « PR . * 
- 
— — - _- _ — — 2 "I: 4 «+ — 
. 
os * 
. * * 
- q i 
* 1 : > , = 
1 . 
- 
, o 
2 . 
. 
- 
\ * 
« # 
* * "7 * " 
* 
. 
” „ . . 


CHEMICAL ESSAYS 12 


About the ſame period that the government of England 
bargained with the Eaſt India company for an annual fup- 
ply of ſaltpette, a much larger quantity was made in 
France; an author of good credit + informing us that in 
the year 1691 the ſaltpetre which was made in the ſeve- 
ral diſtricts of that kingdom, amounted to 36477674 
pounds. This s_o rat qranttts .oomg. nearly equal ft 
the average quantity annually i i 
company. The French very wiſely keep up their eſtabliſh. 
ments Boy the ET ON Ty ns, rb 

taken place in India, render it not impro- 
C 
a Ges AA Redd ren the mane 
importation of faltpetre from the Eaſt Indies, more ſen« 
fibly than any other ſtate in Europe. This danger has 
not been adverted to by any miniſter; but if the preven- 
tion of it ſhould ever engage the attention of the legiſla- 
ture, the methods of making ſaltpetre which are followed 
in France, would deſerve to be confidered. For my own 
part, I can have no doubt, that a plan might be contrived 
for the making of ſaltpetre in every county of this king- 
doi, of OR Fg e hey of theſe. whe jo 

neſs js at preſent a burden to themſelves, and a reproach 
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Fahre Vergil, who died in the year 1555, attributes 
the diſcovery of gunpowder to ſome very ignoble Ger- 
man, whoſe name he wiſhes might never be handed down 
to poſterity. He further informs us, that this German 
invented alſo an iron tube, 3 
uſe of guns in the year 1380 6. 

This is the common account of the of gun; 
powder; its truth however is rendered doubtful by what 
follows : 

The battle of Creffy was fought in the year 1346; and 
an hiſtorian who lived at that time is quoted by Spondanus 
as affirming, that the Engliſh greatly increaſed the con- 
ſuſion the French had been thrown into, by di 
upon them from their cannon hot iron bullets ®. Three 
years before the battle of Creſſy, the Moors were beſieged 
by the Spaniards in the city of Aſgezirasr; and we learn 
from Mariana the Spaniſh hiſtorian, ** that the 
did great harm among the Chriſtians with iron ballets 
they ſhot:” the fame author adds, this is the firſt time 
we find any mention of and ball in our hiſto- 
ries . The Earls of Derby and Saliſbury are men- 
tioned by Mariana as having aſſiſted at the ſiege of Alge- 
firas; and as they returned to England in the latter end 
of the year 1343, it is not an improbable conjecture, 
that, having been witneſſes of the havock occafioned by 
to England, and introduced the uſe of artillery into the 
— VI i OG of guns 
| | mn 


„„ 
rem extitiſſe chymiſtam quendam nomine Bartholdum 
Schwartzum monachum. Munſter. Coſmogr. Univ. Lib, z. 
S _ | 
5 Pall. Vary de Tave, Rerus Lib IL Co. 
„ Spond. Ann. Eccle. ann. 1346. 
y Marinan's HI of Spain, Eng Tra. 


1238 CHEMICAL ESSAYS. 
in Spain, in the year 1343, is proof ſufficient either that 
Schwartz was not the inventor of gunpowder, or that 
Kircher and others are miſtaken in fixing his diſcovery ſo 
late as the year 1354- 

There is reaſon, however, to believe, that both 
powder and guns were known 2 
years before the period affigned by the Spaniſh hiſtorian 
for their firſt introduction into Spain. In the armoury at 
Amberg, in the Palatinate of Bavaria, there is a piece of 
ordnance, on which is inſcribed the year 1303 . This 
is the carlieſt account I have yet met with of the certain 
uſe of gunpowder in war; and it ſeems probable enough, 
as the Pope and the Duke of Bavaria are thought to have 
been the firſt princes who made ſaltpetre in Europe e. 

It ought not to be concealed from the reader, that 
Camerarius quotes a Daniſh hiſtorian as that 
topher, king of the Danes, was killed in battle by the 
ſtroke of a gun, in the year 1280 f. Upon examining 
the paſſage quoted by Camerarius g, it is only faid, that 
| Chriſtopher, The fon of king Falles, was killed in the 
beginning of an engagement by a gun, a warlike inſtru- 
ment then lately diſcovered. Now it appears ||, that Wal- 
demar, Chriſtopher's father, did not ſucceed to the crown 
of Denmark till the year 1332, and that his ſon was killed 
in a naval engagement ſeveral years afterwards ¶, proba- 
. f 3 


+ Quam opinionem (of Schwartz being the inventor of gun- 
II 
dergæ Palatinatũs Superioris in officina armorum 
mentum militare cui fit anous 130 infcriptus. Aa Erud. 
1769. N 19. _ 
Clarke Nat, Hiſt, of Saltpetre. | 
© 7 Cranzius ſeribit Chri Wr 
E r 
9 

S nn 0 
I. Cranzius Dania. Lib. VII. C. 32. f | 
TK Lb VII. C. 38. 
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bly about the time ſigned by Muniter for the firſt ufe of 
in Denmark. 

Bub we dre able, upon/ good grounds, to carry the dif 
covery of gunpowder to a period antecedent to the date of 
the Amberg piece of ordnance; and it is probable enough, 
that its compolition- was keen hug en 
thing of its uße in war. in; "OY 

Roger Baton died” at Oxford in 1292. In the 


bo age pa ent. eget — there are 


loned, 4s 
old — e 
diſtance - But thoug it be allowed, that Bacon was well 


acquainted with the compoſition of gunpowder, it will not 
follow, © Either tat he was the firſt diſcoverer of it, or that 
be Enew its applicativirto fire arms. 3 

The Moots, we hade feen, who kad ſeitke# in Spain, 
are eſteemed by fone de have been the firſt perſons who 
uſee g in the practice of war; they alſo brought 
into a great many Arabian books, and introduced 
a täſte for” de diflerent countries, about the 
time itt which - Sournhed. It is conſeſſed, on all 
hands, that Bran was no ringer e Arabia ent 
» 1a COTE $ '"'a great 

DH it 


ren e res, —— 
compontre ignem cbmbürentem ex fale petræ et alis. R. Ba - 
conde Ma 'Poreſs/ Ariz or Nature. Epil. C. VLſed ta- 
men falis- n bn wir Cor arrive uh et fic facies 
tontĩtrum et carpſcationem, fi ſcias artificium. Ig. ib. C. XI. It 
is v probable, that in the firſt of theſe paſſages, Bacon con- 
| ſulphur and charcoa) under the word al z and that in 
— method —.— 1 
the of mixing the ingredients, under 
the Barbarous terms, Lurn vopo vir can utriet. — 
T Platr's Nat. Hi&, of Oxfordſhire, | 
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a great part of his optical diſquifitions, being evidently 
borrowed from Albazen the Arab; and it is not a ſuppoſition 
wholly void of probability, that he derived his knowledge 


As to his knowledge of the uſe of it in war, he certainly 
had ſome idea of it; for he intimates, that cities and ar- 
mies might be deſtroyed by it in various ways: but it ĩs not 
equally certain that he had any ſpecific notion of the man- 
ner of uſing gunpowder, which - unqueſtionably prevailed 


ſoon after his death. 
Ie is one thing to throw out a conjefture concerning the 
eſſects which might be produced by the proper application 
of a known fubſtance ; another, to deſcribe the means 
of applying it. There are ſubſtances in nature, from a 
combination of which it is poſſible to deſtroy a ſhip, or a 
citadel, or an army, by a ſhower of liquid fire ſponta- 
neouſly lighted in the air: every perſon who is aware of 
he NS arr cone. wt ne. the mixture of 
two or three quarts of ſpirit of turgentine with ſtrong acid 
of nitre, muſt acknowledge the truth of the aſſertion 3 but 
the ſimple knowledge of the poſſibility of effeQing ſuch a 
deſtruction, is a very different matter from the knowledge 
of its praQicability ; 3 
invent as many different ways of making theſe ſubſtances 
unite in the air, ſo as to fall down in drops of fire, as have 
been invented of making gunpowder, a ſad inſtrument of 
the deſtruction of our ſpecies ſince the time of Bacon. 
From the accounts given, of the attempts af . Salmeneors 
and Caligula to imitate thundet and lightning, ſome have 
been of opinion that gunpowder. was known to the anci- 
ents*: be that as it may, we cannot heſitate in admitting. 
that it has been long known in various parts of Afia. It 
eee eee 


. this' 
340 


— Rates no he Duc ofthe 0 lern. 
p- 263 Engliſh Tranflation. N 4 
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this point ; I will content myſelf with that of Lord Ba- 
con . Certainly it is, that ordnance was known in 
the city of the Oxidrakes in India 5 and was that which 


T IT — — 
ſrom Ahingary, and introduced in the German 
mines : but Zqer ſays, __——z it was inv | 


J Bacon's Eten on the Vicifſitade of Things. 
2 5 Ss So. . by Ban Bom. Tog 
Tranſ. p. 194. : 


. 


. 
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of blaſting. I have knows; chat country where the mine is, 
above fiſty years 3 and,. haue often ſeen the ſmith's ſhop in 
which, tradition | ſays, -thei firſt boring auger that had 
ever been uſed in England, was made; and: that the firſt 
ſhot that cver was. fired in · Derbyſhire, ori, Sraffordſhire, 
was fired in this very HE ,o .Fheinbs- 
bitants of Wetton (a village; adſoining to tlie inine) tell 
Tbe Priace (Rapin ſays) came into England in 16 36, and 
vas ondered by the King to leave the Engüemn645 3 and 
| though! be was afterwardy admirel under Charles the. Se- 
cond, it is moſt probable the: miners came during his fit 
abode in this kingdom. Lam vety weib convineed/ of the 
truth of the above tradition 5 begatiſe the fathets of my in- 
—_— might be very well acquainteti with the miners 
"Introduced blaſting a them.” In itt 
rocks by 


the year 1684, that the miners in Somerſetſhire be- 
gan to uſe gunpoudet u In the year 166 Hmnce Ru- 
a+; and as he lived fourteen yearsaſter that appointment, 
it is not improbable that he might ſend for 'the German 
| Before the diſcovery of blaltihg rocks by Yanpoirder, & 
was the cuſtom in our Engliſh wnines; & well un i= Ger- 
many, to ſplit them by wood fires: This h lie- 
ly deſcribed by Agricola $, and it is nt yet "wholly fallen 
into difuſe g. "Ris very anctent mode of tniningy being 

NY eee wins Hat | 
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mentioned by Diodorus Siculus, as practiſed in ſome Egyp- 
tian mines {: he gives us, in the place here referred to, ſuch 
a melancholy account of the condition of the poor: flaves 
who were employed in thoſe mines, as muſt make the 
heart of every humane man, who has a rutional reſpect 
to God, that the-cleniency : of - the taſkmaſters in the 
mines of Peru, 'and' in other ſettlements of European 


Chriſtians, © could induce us to believe that Diodorus - 


culus had the barbarity of Heathen policy 
But there: is much to be dome, much, I fear, to be fuf- 
ſered, by all che ſtates of Chr, before the Goſpel 
of Chriſt can be ſaid to be eftabfihed amongſt them as a 
rule of liſe i their condudt. © * 


Ir is related of Homibel, chat he opened himſelf a paſ- 
ſage thidughthe: Alps! by. applying fire and vinegar to 
the rocks which oppaſed his route. This mode of ſplit- 
ting rocks was, probably, not invented by Hannibal ; he 
might have had frequent opportunities of obſcrving a fimi- 
which 


lar praQice in the filver mines in daily af- 
forded him tlires& hundred pountls Ireight of filver v. 
There is nothing, indeed, faid of vinegar in the deſcrip- 
tion of the Egyptian mines before mentioned ; but Pliny 
expreſsly- affirms, that it was the quality of vinegar, 
when poured upon rocks, to ſplit ſuch as an antecedent fire 


3 N Blas 1 1 de 

* Mirum ache pr Hiſpania ab Hannibal inchouto proc 
durare, ſua ab inventoribus nomina habentes. Ex queis 
appellatur hodieque, qui CCC ponds Hagnddul — 
indies ! Plin, Hit. Nat. L. 33. &. 31. 

1 Saxa rumpit infuſum (acetum) quz non ruperit ignis antece 
dens. Plin. Nat; Hick, L. 23 KAN L. 33-5. 21. where by 


Silcies. cannot be underſtood what we call flints, * 
has no action on flints. 


a” <--, 
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This account of Hannibals ufing vinegar in ſplitting the 
rocks, is generally looked upon as fabulous: for my part, 
I can cafily conceive, that a few barrels of vinegar might 
have been of great uſe, if the rocks were of the limeſtone 
kind ; and, whether they were fo or not, I leave to be 
ſettled by thoſe, who have viſited the place where this fa- 
mous attempt was made. Vinegar corrodes all forts of 
limeſtone and marble rocks ; and hence, being introduced 
into the cracks made by the fire, it might be very efficaci- 
ous in widening them, and rendering the ſeparation of 
large lumps by iron crows and wedges more eaſy. It is 
erroneouſly ſuppoſed, that a large quantity of vinegar was 
requiſite, for the vinegar did not reduce the whole maſs of 
rocks into a pulp ; fince Livy clearly informs us, that af- 
ter the action of both the fire and vinegar, they were oblig- 
ed to open their paſſage by iron inſtruments, which would 


have been wholly unneceſſary, had the main body of the 
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E S SAY XI. 


Of the compoſition and analyſis of Gunyowder. 


CGronrowpes is a anifciatcompotiion, conftin 
of ſaltpetre, ſulphur, and charcoa/. The principal things 
to be reſpeQed in the making of gunpowder are —the 
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22 > cnn Bon, we oo gs 


from the Eaſt Indies or made in Europe, is generally, if 
not univerſally, mixed with a greater or leſs portion of 
common falt. Now a ſmall portion of common ſalt in- 
jures the goodneſs of a large quantity of gunpowder : 
hence it becomes neceſſary, in making gunpowder, to 
uſe the very fineſt ſaltpetre. The pureſt ſulphur is that 
which. is fold in the ſhops under the name of flowers of 
ſulphur : but the roll fulphur being much cheaper. than 
the flowers of ſulphur, and being alſo of a great degree 
of purity, it is the only fort which is uſed in the manu- 


it has been generally believed that the coal from ſoft and 
light woods, was better adapted to the making of gun» 
powder, than that from the hard and heavy ones. Thus 
Evelyn ſays of the hazel, that ©* it made one of the beſt 
coals uſed for gunpowder, being very fine and light, till 
they found alder to be more fit ®.” And in another 
place he thinks that lime-tree coal is ſtill better than that 
from alder +. An eminent French chemiſt has ſhewn, 
from actual experiment, that this opinion in favour of 
coal from light woods is ill founded: he affirms that pow- 


der made from lime-tree coal, or even from the coal of 


the pith of elder · tree, is in no reſpe& preferable to that 
made from the coal of the hardeſt woods, ſuch as guaia- 
cum and oak 5. This remark, if it be confiemed by fu- 
ture experience, may be of uſe to the makers of gun- 
powder ; as it is not always an caſy matter for them to 
procure a ſufficient of the coal of ſoſt wood. 
The mixture of the materials of whieh gunpowder is 
made ſhould be as intimate and as uniform as poſſible : 
for, in whatever manner the exploſion may be accounted 


* Eyely's Silvia by Dr, Hunter, p. 223. 
7 ld. p.g46. 
$ Chym. par M. Baume, Vol. I. p. 455- 


facturing of gunapowder.—With relation to the charcoal, 


[) 
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for, it is certain that the three. ingredients are neceſſary to 
produce it. Saltpetre and ſulphur mixed together give no 
exploſion z fulphur and charcoal give no exploſion 3 and 
do give an explohon, yet it is, probably, of far leſs force 
than what is produced from a mixture of the three ingre- 
ſeem to be quite ſettled at preſent, as may appear from 
the following opinions of two eminent chemiſts, each of 
whom: appeals. to: experience.mmn** Un melange de fix 
onces de nitre et d'une once de charbon produit .une- pou- 
quelles on fait entrer di ſoufre : cette fubſtance eſt done 
abſolument eſſentielle à la compoſition de la poudre. Dans 
le temps que je travaillois fur cette matiere, quelques par- 
ticuliers propoſerent de faire de la poudre fans ſouſre: ils 
quelle on fait entrer une petite quantit®'ds foutre, aug- 
mente de force du double.” 0 The principal ingre- 

dients of gunpowder, and thoſe to which it owes its 
force, are nitre and charcoal : for theſe two ingredients, 
well mixed together, conſtitute gunpowder at leaſt equa}, 
if not ſuperior in firength to common gunpowder (as I 
found by experience) and may be ſcen in the Memoire of 
Count Saluce, inſerted in the Melanger de Phileſepbie et de 
Mathematiques, de Þ Academie Royale de Turin. The ſul- 
phur ſeems to ſerve only for the purpoſe of ſetting fire to 
the maſs with a leſs degree of heat.” +—If I may truſt 
ſome crude experiments which I have made with à com- 
mon poder trier, I muſt accede to the opinion of M. 
Baume ; as 1 repeatedly found that equal bi of com- 


* Chy. par l. Baums, Vol. L p. 460. 
# Philaſ. Tranſ. 1779. p. 499; where the reader will find" ſe. 
veral ingenious experiments relative to the nature of gunpow- 
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mon powder, and of the fame fort of powder, freed from 
its ſulphur by a gentle evaporation, differed very much, 
both in the loudneſs and ſoree of che erploßem 7 dhe 

being inferior to the 
* ithont afon that 


it, when 
- a | 


ally wetted. There may be the fame weight of the pow- 
der after it has been dried, that there was before it was 
wetted ; but its ſtrength is greatly diminiſhed, on account 
of the mixture of the ingredients being leſs perfect. This 
diminution of ſtrength proceeds from the water having diſ- 
folved a portion of the faltpetre, (the other two ingredi- 
ents not being ſoluble in water) for upon drying the pow- 


der, the diſſolved faltpetre will be cryſtallized in particles 
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poſition of the gunpowder, and thus the mixture will be 
leſs intimate and aniform, than it was before the wetting. 
This wetting of gunpowder, is often occafioned by the 
mere moiſture of the atmoſphere. Great complaints were 
made concerning the badneſs of the gunpowder, uſed by 
the Engliſh in their engagement with the French fleet off 
Grenada, in July, 1779; the French having done much 
damage to the maſts and rigging of the Engliſh, when 
the Engliſh ſhot would not reach them. When this mat- 
ter was inquired into by the Houſe 


powder is rendered wholly unfit for uſes but if no fo- 
reign ſubſtance has been mixed with it, except freſh water, 
it may be made into; good 


may ſo far vitiate its quality, 
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them fancying themſelves poſſeſſed of the beſt poſſible pro- 
portion, as from an affeQation of myſtery, common to moſt 
manufa&urers, and an apprehenfion of diſcovering to 
the world, that they do not uſe ſo much ſaltpetre as they 
ought to do, or as their competitors in trade really do uſe. 
Saltpetre is not only a much dearer commodity than cither 
ſulphur or charcoal, but it enters alſo in a much greater 
proportion inte the campatition of gaagewerr, than both 
theſe materials taken : hence, there is a great 
temptation to leſſen the quantity of the laltpetre, and to 
augment that of the other i and the fraud is 
not cafily detected ; fince gunpowder, which will explode 
readily and loudly, may be made with very different quan- 
tities of ſaltpetre. 

Baptifia Furta died in the year 1515 5 he gives three 
different proportions for the making of gunpowder, ac- 
cording as it was required to be of different ſtrength ®. 
I have reduced his i ſo that the reader may 
ſee the quantities of the ſeveral i nts, contained in 
roo pounds weight of each fort of powder. 


ö 
the oo mn gi a meer 
Cardan died about fixty years after Baptiſta Porta, and in 
that interval, the proportions of the ingredients of gun- 
powder, ſeem to have undergone 2 great change. Car- 
dan's proportion for great, middle-fized, and ſmall guns, 
are expreſſed in the following table .. 8 


* Mag. Nat. L XI. e. 3. 
$ Card, Oper, Vol, III. p. 37% 
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| Gt. Guns. Mid. Sized. Small. 


Saltpetre - - golb. 663 $35 
Sulphur +- 163 v3: |; $ 
Charcoal - 333 20 | 
3 e 100 , 100 
— N — s — 


besinnen eder 
proportion of charcoal than of ſulphur, was uſed in Car- 
dans time; at prefent, I believe, it is in moſt places the 
reverſe, or at leaſt; the charcoal no where exceeds the 


falphur. I have put down the proportions uſed at preſent 
2 France, r 


Tr 


Se — = 8 | 764 
- SH — E 

arc 8 þ. 124 
; E 100 1014+ 


„ 
in order to determine the exact proportions of the ſeveral 
ingredients, which would produce the ſtrongeſt poſſible 
cence comms; when reduced, as all the reſt 
FE aae8 3 5 Ow 3 5 have 


2 


ere 5 you 
der=Pemb, Chem, p, 409. 


even. Dia. & Baumg's G Vol. 1. p. 466. 


-2 Mem de — Mu 42g. where it is ſaid, that two 
{pecimens of Holland, gave only 71 1h. of ſalt» 
rr 


. ys; 


- 
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have been, to the quantity compoſing one hundred pounds 
42 

Saltpetre 80 lb. 

Charcoal - 15 


o« \fokonre. ode apader would mjduce the greate®t fot; 
when the weight of the charcoal was to that of the ful- 
phur, '26 340 . On the other band, experiments are 
produced from which it is to he concluded, that in 2: cer- 
tain weight of ſaltpetre the beſt powder is made, when 
the ſulphur is to the charcoal, in the proportion of 2 to 1. 
2 


there are tus things to be avoided, too much and too 
* abe heat is 00 greats, 4 portion of 


remainder weighed 19 grains, the loſs amounting to 5 
grains. The remainder did not explode} by a ſpark like 
gunpowder, but like a mixture of faltpetre and charcoal, 

ELLE in 18 1 ns 
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and it really was nothing elſe, all the ſulphur having been 
diffipated. Gunpowder was formerly dried by being ex- 
poſed to the heat of the fun, and this method is ſtill in 
uſe in France, and in ſome other countries; afterwards 
a way was invented of expoſing it to a heat equal to that 
of boiling water; at preſent it is moſt generally in Eng- 
land dried in ſtoves heated by great iron pots; with any 
tolerable caution no danger of exploſion need be appre- 
hended from this method. All the watry parts of the 
gunpowder may be evaporated by a degree of heat great- 
by lefs than that in which gunpowder explodes, that de- 
gree having been aſcertained, by ſome late 
to be about the Gooth degree on Fahrenheit's ſcale, in 
which the heat of boiling water is fixed at 212- There 
is more danger of evaporating a portion of the ſulphur, 
in this way of drying gunpowder, OED TOA 
A r 5 
The neceffity of freeing ——— Bice Ms wok 
ſture, is obvious from the following experiment, which. 
was made ſome years ago before the Royal Society. A 
quantity of gunpowder was taken out of 'a barrel, and 
dried with a heat equal to that in which water boils; 4 
piece of ordnance was charged with a certain weight of this 
dried powder, and the diſtance to which it threw a ball 
was marked. The ſame piece was charged with an equal 
weight of the ſame kind of powder, taken out of the fame 
barrel, but not dried, and it threw an equa ball only to 
one half the diſtance. This effe& of moiſture is ſo ſenſible 
that ſome officers have affirmed, that they have ſeen bar- 
rels of gunpowder which was good in the morning, but 
which became (by attraQting, probably, the humidity of 
n W Dann 
eee 


rils de poudre qui étoit bonne le matin, et qui ne yaloit rien le 
ſoir. Hiſt, Nat. de IEſpange, p. 8a. 
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keep the powder dry, by preventing the acceſs of the air, 
it has been propoſed to line the barrels with tin foil, or 
with thin ſheets of lead, after the manner in which tea- 
boxes are lined +. — Would it not be poſſible to preſerve 
powder free from moiſture; and front the lols of a part of 
its ſulphur in hot climates, by keeping it in glazed carth- 
en bottles, or in gee: — 4a or _ * 


e humidity of the air; is 
difrent in dillerent fans efpoweer,; it is the leaſt in that 


which is made from the pureſt faltpetre ; pure ſaltpetre, 
which” has been dried as gunpowder is dried, does not 
become heavier by expoſure to the atmoſphere ; a. nn 
its increaſe of weight is very ſmall, not 

far as my experiments have informed me, Dae 
72d part of its weight; I rather think that it does not ac - 
quire any increaſe of weight. But faltpetre mixed with 
ſea ſale, attraQts the humidity very ſenſibly ; and hence, 
though there ſhould be the fame weight of faline matter, 
in a certain weight of gunpowder, yet the goodneſs of the 
powder may be very variable, not only from the foreign 
faline manner, de it fea falt, or any other falt, injuring 
the q of the powder as being an improper ingredient, 
but fi m its rendering the powder more liable to become 
humid. 

Ne big "the be in wii there is the 
greateſt room for fraud, in the compoſition of gunpowder, 
and on the quantity of which its ſtrength chiefly depends, | 
the” reader wil 'Excuſe the minutenefs of the following 


corked ? 
This 
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ounces in about a quart. of. water f the. boiling need nei · 
ither be violent nor long continued z; for the water wilt 
OE —— — 
not u particle; of: either the, ſul phat vr the charcoal of the 
- In arder to ſeparate the vater containing the 
r the, ſulphur; and charcoal, pour the whole 
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cryſtallizes in little cubes, it is a fign that it contains ſea 
22 of it, aſter being duly evaporated, 
will not cryſtallize, it id a fign that it contains another 
fort of impurity, called by faltpetre makers the motber of 
wire, nr powerfully anare the bnagatey of the gor- . 

The gunpowder, marked v, was analyſed in the fol- 
loving manner : Twenty-four grains, by. evaporating the 
ſulphur, were reduced to nineteen ; theſe nineteen grains 
gave, by ſolution in water and-fubſequent filtration and 
cryſtallization, fixteen grains of ſaltpetre: the charcoal, 


what, prop: ned, three grains. . According 
Acc 
conited of oy | 
1 - - - - 3 
2 33 Ter wi wt a 1 399 4427 tooth. 


. J by 
taking larger quantities of it z but the quantity of ſalt- 
petre was always Gd Ib. together with ſome fractional part 
of a paund, from tool. of : gunpowder. The powders 


marked with a fingle and a double r, differ in the fize of 


the grain ; but they d not ſeem to. differ, as far as I 
have tried them, in the quantity of the ſaltpetre they con- 
tain- From'fome forts of powder, I have got after the 


rate- of ous: * 3 


7 
2323 ˙ at ade enmwader, by evaporating 


the ip ie not wholly to be relied upon. F have 


oſtem obſeryed, that when mixtures of ſulphat and char- 
coal have been expoſed: to evaporation, : q plate of 
heated copper, the remainder has weighe$ÞtS than the 
charcoal which entered the compotfition, part M. t having 
been carried off by the violent — ful- 

YESE I 0 L — 


* 


moiſture, that it was in a ſlate of fluidity. | 
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phur: and hence the proportion of ſulphur in the above 
analyſis is probably too great. I am aware that this ob- 
ſervation is wholly oppoſite to the concluſion of M. 
Baume, who contends, that one twenty-fourth part of 


| the' weight of the ſulphur employed in any mixture of 


| . 


and charcoal, adheres fo ftrongly to the charcoal, 
that it cannot be ſeparated from. it without burning the 
charcoal. I can only fay, that he ſeparated the ſulphur 
by borning it, and I ſeparated mine by ſubliming it 
without fuffering it to take fire; and this difference in 


the manner of making the experiment, may, perhaps, 
be ſufficient to account for the different reſults. —But it is 


—— ͤ— this ſubject further ; there are ſe · 
veral things to be attended to in forming a comphete ana- 


poſed for a month to a moiſt atmoſphere ; but I did not 


obſerve that the ſaltpetre had gained the leaſt increaſe of 


weight. For the fame length of time, and in the ſame 
place, I cxpoſed four parts of ſultpetre mixed with one of 
conimon falt ; and this mixture had attracted fo much 


| SEES, Rat 
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S584... i -: 
| Of: conimnen Sat, * 


Cane r 
acid nor an alkaline taſte, nor does it change the blue co- 


mon ſalt; Lence common fuk — 


ſtead: the acid of common ſalt, being thus diſengaged from 
its baſis, is eaſily, by the heat, raiſed in vapour, and forced 
into the receiver. The acid of common ſalt, thus obtained, 

is very volatile, conſtantly emitting white fumes; and it is 
uſually called the marine acid, the muriatic avid, Glauber's 
fuming acid or ſpirit of fait. If the reader pours # few 
drops of very ſtrong acid of vitriol on a ſmalf portion of 
dry common falt, he will ſee a white vapour arifing from 
the ſalt ; this vapour is the moſt volatile part of the acid of 
the ſalt, and a judgment may be formed of its 
and volatility, from its preſently mfeQing the air with its 
ſmell to a great extent. This acid vapour is a kind of air, 
for it retains its elaſticity for ſome time, not being 
condenſable by cold. It has engaged the attention of 
De. Prieſtly; and with ay a „ 

2 
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made ſeveral experiments, from which we learn, that this 


triol together, with the mineral fixed alkali, there vill 
reſult from their union a faſt, in all reſpects the fame as 
common ſalt, except that it will be ſomewhat more pure 
than common falt ; the falt thus produced is called rege- 
neefes fait... 

E cnncadtly eitiagnibet by eicctiegi- 
cal writers into three different ſorts — fofſile ſalt — ſpring 
ſalt — ſea falt. In chemiſtry though we admit this diviſi- 
on, as ſerviceable in pointing out the three general ſources 
from which common ſalt is moſt copiouſly derived, yet we 
reckon all theſe ſalts, when pure, to be of the ſame” ſort; 
, 7." ONES n the axins- 
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 Peffie or reel ſalt, is found in large beds in the bowels 
of theearth; in every quarter of the globe tet is ſome- 
times eryſtallized, and as tranſparent as = diamond; and 
it has thence been callec ſal gem but it id more fre- 
quently foiind in irregular maſſes of '# rea yell, or 
blue'colour, There art feveraF mines of rock fak near 
Northwich in Cheſhire; the firſt of which was diſcovered, 
as they were boring for coal; inthe year 10% %% e. 
The iptiigs which ate mer with, both above And below 
the eve of the Northwich bed of rock falt, are ftrongly 
impregnated with ſalt. This is eafily accounted for; the 
rain water in through the ground which ties over 
| 9 2 
| 2 great meaſure obſtructed by the ſolid body of ſalt; it reſts 
upom it, and in reſting, upom the ſalt t diſſolves it, and 
thus conſtitutes a brine ſpring above the level of the bed of 
rock. falt. Tbe brine ſprings; | which are found below that 
level, qrobably ariſe from'the water, whith' ha diffolved a 
Portion f cock ſalt, in finking to that depth in the earth. 
Ihave han the curioſity to go to the bottom of ſome 
of:tht moſt famous mines in England; ſutir is the cop- 
per mins at ZQon ; the coul mines gt Whitchifven, and 
 Newcaſtlez the cannel coal mines in Landaſhire; and a 
vatiety oſ. lead mines in Derbyſhire, and ocher places; 
but I never thought my labour, in theſe ſabterrancous 
expeditions, fo well rewarded, as in the fight of the rock 
ſalt mines at Northwich. The falt mines ar MIt near 
Cracow-ig Poland, have long been a ſabje& of admira- 
den, and every traveller has exerted his deſeriptive ta- 


ily imaging, 
2 * in conſequence of "the 
. * == annually ended. = 
n | { W495 G43 e 


„iet Traxt No. 66, © 


459 
8 remarked, Northwich rock falt 
mines 222 Cracow reſpeQ 
1 M1C 
ge vt. EXC z = yielded 
: 2 7 2 
== 1 deſcended 5 
z 15 annuall w 
. 5 —.— 
rx year; = 
| : 
— 


2 1 
Vich, che uma exparted: 
3 
2 . 
> ould = 
5 nn = 
8 = <p ia at North 
—— 
— Ta: 
1 
gpvern= 


men, 
um 
of 


 poundipa; accoufnts. 
been t0:BraQcure,. made in South 
— —— 
56 According to 
— analy vs dh bon 
whole dur wa =: 
8 82001 Es Z 
——— * A. ** 
au. = = 
or EEE 
| TIT 
5 an 1 2 | 
provifions, | 
or 1 
= 


- ©? 
aal 25 
at 
55 
TY 
25 
i 
. 
12 
2 * 
* 
272 þ 
22 
es 


16 
Mens fr or Mi 
Mito 


in 
* 
a buſhel l 5 
a 8 — 5 The „te duty now 
falt N 8 
wi 2 
makers bn, ml _ * 
5 
to ſell 
their | 
. 


CHRBMICAL: ESSAVS in 
refined into white ſalt, that is, with- 


carth ie net known dq. This 2 
ſalt;/ whith has to” mixture of other mutter wah it, is 
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that they will dillolve 62 ounces + 3 Newman agrees 
Spiclmnann”$'; Eller ſays; that 7 ounces of folkile = 
may be diſfolved in 16 ounces of water 93 laſtly, Hanan” 
21174 D rs e ITS 
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4 wma. Met. de F Eſpag. P- 406. See an account of Gmiler 
mountains of rock ſalt in Shaw's Travels, N 229. and in Pli- 
oy Hiſt, Nat. I. xzxi. c. 7. AE 
7 lag. Chem. . 48. v4 $f 25:9 TS 3 4 a 
| 3 Newwans's Chem. by Lewis. p. 256. * 

1 ObC. Phy. Chem. L. ii. Ob, 1 


w2 CHEMICAL ESSAYS 
aſſures us, that 16 ounces of water will not diſſolve above 
6 ounces of common. ſalt . I have tried this matter with 
diſtilled and with common water, and in various degrees 
of heat, and cannot but be of opinion, that Hoffmann's 
experiment approaches neareſt to the truth; I never could 
diſſolve quite 6 ounces of rock ſalt in 16 ounces of water. 
It is not wholly improbable, that different. forts. of rock 
ſalt, F 
water. 

If is be admitted, . 


_ -6 ounces. of ſalt and no more, then we may be certain, 


that no brine- ſpring, in any part of the world, can 
yield 6 ounces of ſalt from a pint of the brine. For brine 
ſprings are, ordinarily, nothing but water in which ſoſſile 
falt has been diſſolved ; but a pint of the ſtrongeſt; brine 
cannot contain ſo much ſalt, as is contained in a pint of 
water, which has been. ſaturated with 6 ounces of ſalt ; for 
2a pint of water, in which 6 ounces of ſalt have been diſ- 
ſolved, ĩs increaſed a little in bulk, it will do more than fill 
a pint meaſure, and the ſalt leſt in the ſurplus will ſhew, 
how much the falt contained in a pint of the ſtrongeſt 
brine falls ſhort of 6 ounces. Or we may conſider the 
matter in the following manner, which will, perhaps, be 
more intelligible ; 16 ounces of water, — — 
6 ounces of ſalt, conſtitute a ſaturated brine, weighing 
22 ounces 3; if therefore we would know how much ſalt 


is contained in 16 ounces of ſuch brine, by the rule of pro- 


portion we may argue, that if 3a ounces of brine, contain 
6 ounges of ſalt, 16 ounces of brine: will contain 4% oun- 
. that the ſtrongeſt brine 
ſprings not . A 
„ rap K | 

De: 


pits at Northenich, dans frm 
rafftire, Tac, 79 rr of 
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rock falt, informs us, that ſome of the ſtrongeſt 
at Northwhich, ive Leven ene 
quart of brine; but a quatt of brine” weighs confider- 
ably more than 32 ounces, the weight of a quart of wa- 
ter; fo that the Northwich ſprings, from this ac- 
count, do not yield a quarter of their weight. At Mziddle- 
wich there is ſaid to be one falt ſpring, which is ſtronger 
than the reſt, * this ſpring yields a ful fourth part of ſalt o, 
and hence it is, probably, fully faturated. We have 
an account in Kircher's works, of ſome famous 'brine 
ſprings in Burgundy, from which we learn, that one hun- 
dred pounds weight of the ſtrongeſt brine 3 
or juſt one fourth ol its weight of white ſalt +. - 
There are a great many brine ſprings in Chefbire' Ni- 
cefterſbire, Staffordſbire, Hampſbire, and in other parts of 
Great Britain, ſome of which are ſufficiently rich in ſalt to 
be wrought with profit, others not. From what has been 
before advanced, the reader will readily comprehend that 
16 tons of the ſtrongeſt brine conſiſt of 12 tons of water, 
and of 4 tons of ſalt; and that, in order to obtain” theſe 
4 tons of ſalt, the'r2 tons of water muſt be, by ſome 
means or other, evaporated, ſo as to leave the ſalt in 4 
concrete form. Suppoſe there ſhould be a brine, which 
in 16 tons, ſhould contain 15 tons of water, and only 
1 ton of falr; yet it may chance, that fuch a weak brine 
— — profit than the ſtrongeſt ; for 
| e falt, de- 
. 


| ne, $i of Galt as water will dif 
ſolve.” Newm. Chem. p. 212. Lewis note. The author here 
is fallen, probably, into a little miſtake, by confounding a 
pound of water with a pound of brine 3 for if à pound. or 16 
ounces of water will only diſſolve 6 ounces of ſalt, a pound of 
the brine, thus formed, will oaly hold g ounces of fale, 

„ Philof, Tragt. No, 53. 

e Man, Sub, Tom, II. Cap, X. 
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bende as much upon the price of tha fuel uſed in boiling it, 
2s upon the quantity of ſak which it yields. Thus the 
ſea water, which ſurrounds the coaſls of Great Britain, is 
_ faid to hold ſeldom more than one thirticth, or leſs than 
one. fiſtieth part of common falt; but. fuel is ſo — 
Newcaſile, than they, can cvaporate- thirty or forty tons 
water, in order to obtain one ton of fat, and yet gain 
as much clear proſit as thoſe do, who, in counties leſs 
favourably fituated for ſuel, boil down the ſtrongeſt brine. 
_ The advantage reſulting from ſtrengthening weak brine 
or ſen water, by means of rock ſalt, is very obvious 
Suppoſe that the ſea water at Liverpool, where large quan- 
_ tities of rock ſalt are refined, would yield 1 ton of ſalt 
from 48 tons of water, then muſt a quantity of fuel ſuffi- 
cient to evaporate. 47 tens of water be-uſed, in order to 
obtain 1 ton of ſalt. But if as much rock ſalt be put into 
the 48. tons of ſea wu, as can be dillolved in it, then 
will the ſea water reſemble a brine fully ſaturated, 
_ 16ons of which will give 4 tons of falt, and the 
ECG tas of water, 
will de za tons of ſalt. -* -- 2 
In werm climates, "fuck as lah, Spain, 6-444 
ern provinces of Fraxce,. where the heat of their ſummer is 
ſofficient to exhale confiderable depths of water in 2 littlc 
time; they prepare lange quantities of what | is called: bay 
very ſmall enpenae- Their general nnd ig te 
ſol} n marſhy (pot of trend, c ng by fluices | 
with the) ſea, and ſuſſeienily scmoved from: 
and te mouths of large rivers. In this ground they form 
three pits of ſmall" but different depths, and by | 
a clay and timber they fee enn from leaking. The fea 
water is let into the fr und deepest pie, from which it 
flows flowly, rr band tüme tofettle, 
through the ſecond int the third, where it d Won i 
* the heat of the Tun inte 2 ftrong beine. 


brine being fil Tatther n the continued se. 
AA es a aus XN; tion 
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tion of the ſun; concretes into cryſtals" of ſalt, which gra- 
dually fink to the bottom of the pit. | When a | | 
quantity of it i formed, it is drawn out for uſe, | arid u 
diffcrent colours, ' according to the colour of the clay cls. 
ployed in maing the pits. | In « favotirable ſeaſons, che 
French are ſaid to be able to make 2 
a fortnight, 2 
and the wants of the other nations, who purchaſe from = 
dem much mire than is conſumed in France .f 
-  Inthis methods making bay fale, art has but copied 
name? for we read in Pliny, "Alonſo Barks, 8 
dota” of large briny lakes, which are 

in many parts of the world, to = perfect dryneſs in ſum- 
ney time + when the inhabitants cut and carry away as 
mut ſak as they have occafion for. A remarkable lake 
ef" this Lind we met with by M. Maſſon, in his botn- 
nieal encurſiaus ſiomm the Cape of GD h. Zuoart 
ſalt- pan is's lake ſeveral miles diſtant from the fea. 
upon ar eninence. Ta the rainy ſeaſon it is W 
with'feeſh water, ' which by the ſaltneſs of the grout 
ſo6n Becomes ſtrongly impregnated with ſaline partictes ; 
tot jones be hee 
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by expoſing it to the ſun in large pits, much aſtet the 
manner in which bay (alt is made z and ſo much of the 
ſea. water, is, by this means, naturally evaporated, that. 
though they boil the remainder with. Newcaſtle coal, yet 
they can afford their ſalt at a leſs, price, than the New- 
caſtle ſalt boilers can afford their's ; though, the ſea water 
n 
The greateſt difficulty 92 IIS 


yard, and having thoroughly wetted.it with wager, 
bet nes fo ach 049 ce — — aud 
Nr 


— cloth, je mart 
& 0 rate of 6 ounces in one quarter oſ an- haur 3 hen if 
it hgd been kept conſiamely.. petted, in would have iin 
16 hours 24 pron pound of, waters. equal to à pint 


= 


Nov & is very paſlitle, 3 where bay ſalt is 
made, to. deviſe, means of. wetting and drying alternately 
eee an 

"plea 
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aſſiſted by proper mechanical contrivances, might be 
«qual to the daily management of a thouſand yards, or 
more. By this plan, in favourable weather, there would 
be daily evaporated twenty-four” thouſatid pounds of wa- 
ter, which, ' fuppoſing ſea water to contain one thirty- 
ſecond part of its weight of ſalt, would give 750 pounds 
of ſale. Thoſe who have ſeen the artifice of ſtren 

ing brine, which is practiſed in Franche-Comte, and other 
vere, by — ikrenghr figs; in order that 
the evaporation may be mcreafed, by increafing the ſur- 
face of the water which is expoſed to the air, will not be 
ſurpriſed at db method of evaporating water here hint- 
cd at. | 


the conſtituent parts of common falt, when 
Flu ir are probably the 
ſame in every part of the world, yet in the ordinary ſtate 
in which it is met with, it is found to have very different 


qualities, and may properly enough be divided into differ · 
ent ſorts. Bay falt differs, in ſome of its properties, from 


the white ſalt, prepared by boiling brine or ſea water ; and 


reſpe@s | 
the quality of the water from which the 
' When ſea water or brine is boiled into 
3 the acid, which is one of the conſtitu- 
ent parts 'of the ſalt, is diſperſed; and a greater or leſs 
is diſperſed, according as the ſalt has been formed 
degree of heat. We have an in- 
in bay falt when compared with boiled 
ſalt, and in the different ſorts of boiled ſalt, when com- 
pared with each other. Bay falt is prepared from ſea wa- 
ter, by the mild heat of the fun, and it is generally 
eſteemed much ſtronger than the white ſalt, which is pre- 


pared likewiſe from ſea water, by boiling the ſea water. 
i At 
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At Northwich, and in other places, they prepare from 
brine not only the ordinary white ſalt, but a falt whoſe 

are much larger than the falt, and which 
is uſually called ſhivery ſalt. This ſhivery ſak is eftcemed 
ſtronger than the other, and it is formed by a milder 
beat: for in forming the ordinary falt; the brine is kept 
gently boiling, but in forming the large grained ſhivery 
falt, they let the brine cool till they can bear to put their 
hands into it, and keeping it in that ſtate, as near as 


rious other carthy and ſaline ingredients, ſuch as the ca/- 
careous earth, from which fiſh ſhells are probably formed; 
the earth called magna; Epſom ſalts, or the ſalt reſulting 
from the combination of the acid of vitriol with magne- 
fra 5—Selenites, or the ſalt reſulting from the combination 
of the acid of vitriol with the earth of the nature of fiſh 
ſhells ;j——Glauber's ſalt ;z=— fixed alkali uncombined with 
any acid, &c. Sometimes all theſe heterogeneous ſub- 
ſtances, and ſometimes only a few of them, are found in 
the waters from which common falt is : 


they 
are all of them foreign to the nature of the falt, and in- 
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thus prevents it from adhering to the common falt as it 
cryſtallizes. Any other mild acid might anſwer 
the fame purpoſe. This acid whey is called azy. Les Hol- 
landois ſe fervent de Pazy dans le travail en grand pour 
raffiner nos ſels de mer, et pour en rendre la cryſtalliza- 
tion parfaite ; c'eſt par cet artifice qu ils font depuis long- 
temps, en poſſeffion de fourniF les meilleures ſalaiſon de 
Europe 7. 


ESSAY xm. 


Comuruon falt, in the earlieſt ages of the world, 
was fo far from being held in any eſtimation as a ma- 
nure, that it was looked upon as a fymbol of extreme fterili- 
ty. Long before the commencement of proſane hiſtory, Abi- 
melech took the city Shechem, and flew the people that was 
therein, and beat down the city, and ſowed it with ſalt*; 
intimating thereby his wiſh that it might remain unfruit- 
ful and uninhabited for ever. 

It does not appear from biſtory, what circumſtance gave 
riſe to this cuſtom, or whether Abimelech was the firſk 
perſon who introduced it ; but it has prevailed very gene- 
EVENT GL ST HOI 0 © oue 


— FAG. des Scien. 1968. Dr. Brownrigg had 
mentioned this ſecret of the Dutch above 30 years ago, in his 
excellent treatiſe before referred ta. The reader will meet 
with an accurate examination of the various ingredients with 
which common ſalt, and the waters fram which it is made, are 
r in Baume's Chem. vol, iti. -p. $12, 

Judges ix. 45. 
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fill uſual to raze the houſes of rebels and traitors, and to 
ſprinkle the ground upon which they flood with. ſalt. Per- 
haps this general ſymbolical uſe of ſalt, might be derived 
from what had happened when Sodom was deſtroyed, and 
meaſure, ſupported by obſerving, that the ſevereſt denun- 
ciations of divine vengeance are frequently expreſſed by 
an allufion to that event.—Moeb ſball be as Sodom, and the 
children of Ammon as Gomorrah, even the breeding of net- 
ale, and ſalt pits, and a perpetual deſolation g. The whole 
land thereof is brimſlone and ſalt, and burning, that it is not 
BL IC LOR 


Virgil reprobates a falt foil as occafroning the degene- 
ploughing. n | : & * 

Salt earth and bitter are not fit to ſow, 

- pon nec RE 


e. though he STOP the 8 of falt to 
eattle, yet in ſpcaking of foffile ſalt, he expreſsly affirms, 
that every place in which it is found, is barren and unfit 
for vegetation ®. 

' Notwithſtanding theſe and other teſtimonies of the an- 
cients concerning the ſterilizing quality of common falt, 
yet it is frequently uſed as a manure with great ſucceſs. 
It has been the cuſtom, ever fince the time of Henry 
Third at leaft, for the farmers on the Corniſh coaſt, 
manure their lands with ſea ſand, in which fea falt is 
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Northwich alone, near 3000 tons of it in one year, for 
the other hand, when the foil abounds with ruſhes and 
rock ſalt upon it, as i is found utterly to deſtroy every 
vegetable. Hence it ſhould feem, that falt, when uſed 
in ſmall quantities, is 8 god manure, and when in large 
ones, 2 real poiſon to vegetables. Some of the African 
and Arabian deſarts, are thougbt to be barten by their 
having tos mach falt in them; whilſt many. parts of Bar- 
dary are reckoned to be peculiarly fruitful, "From "their 
containing a lefs quantity of SL 

Sir Nenn Pringle has obſerved, that common falt, when 
uſed in fmaſf quantities, as one ounce 2 e oh. 
rates the pt ion of animal fubſlances, when itt larger 


fond of falt, — — 
aliment, and to render thereby its di 
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herbage, dead roots, &. into a putrid ody maſe, the 
fruQtifying virtue of oily compoſts being now generally 
acknowledged : ef. Met. Lu 
portion, by preſerving theſe matters from corruption, and 
up or hardening the fibrous capillaries of the 
roots, ſo that they become unfit ſor fucking in nutriment, 
bn £ Av6 :4; ran 


As to thi ificy of Tarts” overflowed ha „ i 
way jt tn the ad d left by it, and 

partly to the ſalt contained in it, which, being in a ſmall 
quantity, may contribute to the putrefactian of the effcte 
Jon + ton n 


compo... - M1734... 
With ed to nie n 4 manure, it enn u- 
tertained by farmers, 


that ſnow ſertiliaes the lands upon 
which. it falle, More than rain, in conſequenee of the ni - 
trons ſalte Which it is ſuppoſed to acquite by freezing 
Falſe; philoſophy firk gans riſt to this idea , and poetry 
. ph 


. [ran 1766, 1% oe of e Eatiid wandetctes 
of the ſams'! work, n Eſq i PF. R. 8. London, 
1720. beg alfo the Principles of Agriculture and Vegetation, 
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—— Oh! z' thou often ſee 
Thy furrows whitened by the woolly rain | 
_ Nutritious, ſecret aitre lurks within . 
| . 
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ent energy, unſcen [ 
1 little Aal or hook'd of thay'd — 
Like double and dialed fmmenſe | 


| 3 earth, and ether. 
| | Touren. 


bn fertilizing qua- 
lity of ſnow; and though they did not very intelligibly 
explain its mode of operation in promoting vegetation, 
yet it is remarkable, that the ſuppoſition of falme cor- 

puſcles made no part of their illuſtration of that matter v. 
| It is not here intended to deny the fertilizing” virtue of 
ſnow, but to ſhew that it probably does not proceed from 
the nitre contained in it; in ſupport of this option, I 
will mention two of the moſt accurate experiments, which 
have probably ever been made on the ſubjeQ. 

r n 


Jos x ff io air yt. — he 
uſed every poſſible precantiom t procure the ſnow free 
from every extraneous impurity. The nitrous; or other 
falts contained in the ſnow as it ſell upon the ground 
| were, no doubt, difſolyed in the water after the ſriow was 
meked ; and, in order to afcertain their quantity and 
* (ning or yas ee ae. by 
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evaporation or diſtillation, - the water in which they were 
diſſol ved. From theſe hundred meaſures of ſnow water 
he obtained, by diſtilling it with every ſuitable attention, 
60 grains, not of n:tre, but of calcareous earth, together 
with ſome grains, he does not mention the exact number 
of the acid of ſea falt, impregnated with a nitrous va- 
The ſame quantity of rain water, collected in the win- 
ter months with equal precaution, and diſtilled with equal 
attention, yielded 100 grains, not of ni#re, but of calrare- 
ous earth, with ſome grains of the acids of nitre and ſea 
falt®. 

The anbei den from theſe expirintents, that the che- 
mical difference between rain and ſnow water is excced- 
ingly ſmall; but that the latter, however, is ſomewhat 
leſs nitrous, and contains a ſomewhat leſs proportion of 
earth than the former. But neither of them contain either 
earth or any kind of ſalt in any quantity, which can be 
ſenfibly- efficacious in promoting vegetation. 
Suppoſe an acre of land to be, at any one time, cover- 
ed with ſnow to the depth of fix inches ; and that this 
ſnow would, when melted, be reduced in magnitude 2 
fixth part, or that it would cover the land with water to 
the depth of one inch ; then might it be made appear, by 
a very eaſy caleulation, that allowing 60 grains of calca- 
reous earth to every 28 gallons and one pint of water, ac- 
cording to the proportion of the foregoing analyfis, the 
whole of the carth left upon the acre from the evaporation 


* Toute la difference donc entre Feau de pluie et Feau de 
neige neſt d aucune i et ſe reduit à ce que Faeide 
de Veau de pluic eſt plus nitreus, et quelle renferme plus de 
terre calcaire, au lieu que Veau de neige © plutdr un acide aig» 
rin que mir, et contient une moindre quantits de terre cale 


caire, Opuſcutes Chymique, vol. B. p. 21. 
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weight ; nor the ſaline part to above a few ounces. Now 


it is very improbable that four or five ounces of any kind 
of ſalt, when ſpread aver an acre, ſhould produce any ſen- 
ble elle. in {ertilizing the groupd. And if we ſuppoſe 
the land to be ſo often | 

@ year, 

pound, 

pound 

over 

neſs, 

Fit | 

which 

deny, | 

on of pla 

: The peculiar agency of ln as 2. fertilizer, 8 
ence may admit of 2 very ratianal explanation, 
baut baviag recourſe to apy nitrous ſalts, which it has 


BH 


grow. The ataoſphere being vaciably bemed, by the va- 
riable aftion of the fun in diffrent climates, and in the 
ſame climate at different ſeaſons, communicates to the fur- 
2822 and to War Mane below k, the de- 
gree or cold which prevails in itſelf. Different ve- 
getadles are able to preſerve Ine under different deg rees of 
cold, e when the cold which reaches 

mates, 
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mates, has provided a covering for the roots of ve 
by which they are proteQed from the influence ofthe as 


paratively ſpeaking, warm; a Rind of vegetation is car- 
ried on under its ſurface, which ſhews itſelf by the very ra- 
pid increaſe which plants of all kinds acquire in cold coun- 
tries, as ſoon as the covering of ſnow is removed by the 
approach of ſpring. Thoſe who are fond of making oil 
Dee e may Brite pen U wil ef Bb 
in fertilizing the earth from the oily particles which it con- 
tains ; for not only the refidue which was obtained from 
the diftillation bf ſnow water, had a brown colour pro- 
ceeding from ſome oily particles, but it is very 
obſerved that ſnow; as it thaws, becomes dirty ; and 
dirty appearance is probably enough referred to ſome par- 
tieles of an vily or mucilaginous ſubſtance contained in it. 
Snow, morebver, in melting, moiſtens and 
the ſoil, Which had been bound up by the froſt; and as 
its water has a tendency to putrefaction, it ſeems, on 
many aseants, without admitting it to contain any nitre, 
to be admirably fitted to vegetation. 

In confirmation of the analyſis of ram and ſnow water 
which were made by Marggraf, I will here add thoſe 
which we owe to the accurate induſtry of Dr. Rutry ®.— 
He evaporated fix different ſpecimens of the pureſt rain 
WT EO CI „ 


© Rutty's Spnop. | 
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pureſt yielded 6 grains, and a gallon of the moſt impure 
12 grains of a ſubſtance, for the moſt part, of a dark 
brown colour, and a bitter, brackiſh taſte. From a gal- 
ON HT 4 grains of a browniſh refi- 

which conſiſted partly of ſes ſalr, partly of an abſor- 
bent earth, and a ſmall portion of oil. 
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and aquatic plants; of the eggs of an infinity of ſpecies 


of © light; of cleric efluviums; and of a variety of 
ther ſubſtances, which are clevated, and, for a time, 


winds, and the preceding temperature of the wea- 
ther. | $4 » + 5 176 y 
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ther Kircher +, after having conſulted three and thirty 
authors upon the ſubject, could not help remarking, that 
the Suftuations of the ocean itſelf were ſcarcely more va- 
The queſtion does not ſeem capable of admitting an il- 
Iuſtration from experiment; at leaſt no experiments have 
hitherto been made for that purpaſe 3 and therefore we 
may be the leſs ſurpriſed at its remaining nearly as pro- 
blematical in the preſent age, as it has been in any of 
the preceding. Had there, indeed, any obſervations 
been made, three or four centuries ago, aſcertaining the 
then faltneſs of the fea, at any - particular time and 
place, we might, by making, at preſent, fimilar obſerva- 
tions: at the ſame place, in the fame ſeaſon, have been 


able to know, whether the /a/fneſe at that particular place 
was an increaſing or a decreaſing, or an invariable quanti- 
ty ; and this kind and degree of knowledge would have 
ſerved as a clue to direct us to a full inveſtigation of this 


part of the globe, is, in a greater or leſs degree, 
nated with ſca-ſaft, have thought that the fea bas gradu- 
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bas collected in its inland progreſs. Thus the falt con- 
veyed into the ſea; not being a volatile ſubſtance; nor 
performing an inceſſant circulation, like the water which 
carries it thither, muſt be a perpetually increaſing quan- 


tity ; and time enough, it is contended, has elapſed fince 


num for” m 
preſent quantity of ſalt. 

The principle upon which this opinion is founded, um. 
not become the fubje& of accurate calculation. Rivers 
may have formerly carried more or leſs ſalt into the fea 
than they do at prefent ; and the quantities contained at 
preſent in different rivers, are ſo various, that any gene- 
ral poſition, with reſpect to the of ſalt obſerv- 
able in river water, will be liable to many exceptions 
from particular caſes. It may appear probable, however, 
from the following obſervation, that the cauſe here af 
figned, of the ſaltneſs of the ſea, is not to the 
eſſe ct. Sea water, at a medium taken from obſervations 
made in diſſerent climates, may be fuppoſed, without 
any great apprehenfion of error, to contain about one 
rant pd. Af bo nf bed 

in the world could not have conveyed into the ſea one five 
handredth part of the weight of the ſea, though we ſup- 
poſe that have daily, ever fince the creation, car- 
ried into the fea, and left there, the ſame ity of falt 
which they do at preſent daily depoſit in it. In order to 
make this ont, with any appearance of 
preciſion, we will take for granted what fome einine 
philoſophers tave Elideavoured to prog Thie Alf the 
rivers in the world flowing into the bed of the ſea, with 4 
continuance of their preſent ſtores, would take up at leaſt 
cight hundre@ years to fill it to its prefent height $,—— 
This being premiſed, let us ſuppoſe the ocean to have 
F rec dane 4 
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oration as much water as it daily received from the in- 
flux of the rivers, then muſt eight hundred years have 
pailed before the "freſh water of the ocean could have 
deen changed into river water, or acquired that propor- 
tion of falt with which river water is impregnated. River 
water may, in general, be ſuppoſed to contain one four 
thouſandth part of its weight of ſca falt. Some rivers, 
doubtleſs, contain more, others leſs ; but the quantity 
here affumed ſeems to be great enough : fince even the 
Thames ® water taken up near Billingſgate, impregnat- 
cd, as it may be ſuppoſed to be, with ſea ſalt, from the quan- 
tity of it uſed in London, and waſbed into it by various 
drains, docs not contain one half fo much. The ocean, 
upon this hypotheſis, at the expiration of eight hundred 
years from the 'creatjon, would have contained one four 
noulandth part of its weight of ſea ſalt 
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v4; an 
„ 
fork vs ta be inquired, why the waters of the 
occan arc not perfeQly ſaturated, with-. ſalt, if they have 
ever fince the creation been exetting./ their 
powers upon ſuch. permanent maſſes of rock ſalt as are 
thought to be fituated at ity bottom... Were the waters of 
the ocean in a quieſcent ſtate, and every where of two or 
three miles in depth, as they are conjeQured to he in ſome, 
it would not be an eaſy matter to define: the time in which 
the waters at the ſurface would become ſapid, much leſs 
in which they would become ſaturated, though the whole 
bottom of the ocean was covered with. a ſtratum of ck 
ak... The water contiguous. to the {alt would ſaturate it- 
the ſuperficial water, it would, not geadily mix itſelf with it. 
by divers to.remain in a very trxanquil fate, when the up- 


ſonably be ſuppoſed, that they are ſufficiently moved, to 
cauſe, in a ſufficient length of time, ap, uniform diſſufian 
of the rock ſaſt they. mag be ſuppoſed to have diſſolved. 
The patrons of this opinion. found their reaſoning upon a 
miſtake :. (hex Mhinhe.ghot X. thery mers no mines of rock 
in the ded; of f as ocean, e hve bn. 
lang ago. converted. inte freſh water, by the rivers dif- 
— 1 
the the urs eee 
e L given time, the 


7 Water, which in. taiſed 
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yy = rivers do convey into the ocean ſome por- 
_ „and they do not, M any given 
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conſidered by fome, rather as a cutting than an untying 
of the knot, yet it has been embraced by philoſophers of 


great eminence 3 and it muſt be owned that it may be 


applied to the ſolution of ſome phenomena with pecuſiat 
iecty. Naturaliſts aſſure us, that, though ſome” few 
ſpecies of fiſhes thrive in freſh water, and forme others live 
alternately in freſh water and ſalt, yet by far the greateſt 
number cannot exiſt out of the fea : now whether we fup- 
poſe the ſea to haue become ſalt from the-influx of rivers, 
or from the gradual folution of beds of rock fat, or from 
the combined influence of both theſe cauſes, it muſt for 
ſome years have remained fo exceedingly freſh, that it will 
not be an eaſy matter to account for the continuation of 
the exiſtence of rhe” nuiberieſs ſpecies of fihes, which 
cannot live int freſh water. This is not removed 
tans N 
be weber in prefeiviny life, to 
vhich'ic compietivite engine 
rn 
— tale-irfelf, The ſaltnefs of the Caſpian fea, 
ofthe lakes of Mexico, and Tijcara, and of other large 
colleftions of waters, which have no effluent rivers nor 
viſible communication with the fea, may be as fuccefsful- 
ly: enplained upon this hypotheſis, that the fea was at 
Dre. cither of the 
preceding; © 6 C2 15": 
des the opinions, andthe dive er l th 
line jmpregitation of the ſea, which have been here men- 
tioncd, there hb aricther, which future ages will, Pro- 
bably, be teſs/queſtion#ble reatwus ts adopt than we do: 
1 mean thatwhich invintains,—thar Ka fult is conſtantly 
and abundantly generated, both on the ſurface of the 
Fenn. IS, 
W fT;,i © oF 42 D 2Y28Y7©O * But 
t Kircher Men, Seb 1. — 
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weight of ſea water. For not to infiſt upon, what has 
been before mentioned, the decompoſition of a part of the 
fale, which takes place when a ſolution of it is evapo- 
with a great heat, it may be obſerved, That the ſea 
kin ſane i peri, when a ſaturated ſolution of 

is evaporated with even leſs than a boiling heat. This 
ſcen, when a ſmall quantity of a folution of 
The port ar brngpene,y agewens 
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ſea water 1022,—St. Jago ſea water 1184. By compar- 
ing theſe numbers with a Table in the Philoſophical Tran- 
ſactions, exhibiting the comparative weight of equal bulks 
_ of fimple Water, arid of water impregnated wid Gier 
portions of ſea ſalt, — de n that the Te- 
nerif ſea water contained about 1 of ſalt, and the St. Ja- 
fo water above 1 of its weight of » that ne 
if not fully, ſaturated ®. TR 

As it is not every perſon Aeli; himſelf expert in 
reer of eſtimating the quantity 
of ſalt contained in ſea water, vill mention a method of 
doing it, which is ſo caſy and fimple; that every common 
failor may underſtand and practiſe it; and which, at the 
fame time, fromthe trials I have made of it, ſeems to be 
as exat a method, as any that has yet been thought of 
Take adleaty towel or any other picce of cloth, dry it 
well in the ſon or before the fire, then weigh i accurately, 
and note down its /weight ; dip n in the ſea water, and, 
when taken our, ring it a little till it will not drip, when 
hung up to dry; weigh it in this wet fate, then dry it 
either in the ſun or at the fire, and when it is | 
dry, weigh it again. The cicels' of the weight” of By 
wetted cloth above its originat weight, is the weight of the 
ſea water inibibed by the cloth; and the exceſs of the wei 


of the cloth, after being dried, above g original weight, is 
he weight of the falt retained by the cloth 3 and by-com- 
paring thipweight, with the weight ofthe ſea water umbibed 


15] wht e th aka n 
have reaſon to think, that rhoſg who hve leiſure and aburate 
infiruments, might make „ 1 
caution than] did in. ſome particylar: 
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thod, would do well to obſerve the ſtate of the weather, 
the time when the ſea water is taken out of the 
ſea ; ſor the quantity of ſalt contained in the water near 
the ſurfice may be influenced, both by the antecedent 
moiſture and the antecedent" heat of the 
And this leads to the conſideration of a queſtion propoſed 
3 tho ſea faltet 
and warmer than the lower . philoſophers ad- 
TT RR ann ece deiboriped 
by experiment to deny deny the truth of the poſition 3 and 
thoſe, perhaps, will argue with the greateſt juſtneſs, who 
ſhall arm that it is neither generally to be admitted, 
nor genetally te be rejected, but that the ſca, in fome 
and under certain circumſtances, is falter and 
warmer at che ſurkace, than at any confiderable depth be- 
nes s weir ie deny cher, h. reverſe is true. The 
22 Soi ef two parts, betwixt which, though 
is donnerien, pet ic is not ſo neceſſary a 
ry as to hinder us from confidering each part by itſelf. 
As tothe faltacſs of the ſea at different depths, we 
have different acebunts concerning it. There are two 
methods of eſtimating. the relative quantities of ſalt con- 
rained in different? of ſea water ; one confiſts in 
bulks of them, ſuppoſe a pint or a bottle 
full of cadby for if they have equal weights, 3 
enough inferred, that they contairi equal quantities of falt 
the other confiſls in evaporating a ' pint, or any other 
meaſure of ſes water, and weighing the ſalt (Which is not 
evaporable)-' remaining after the water is wholly 'diffi- 
dated. Mr Boyle found, that equal bulks of water 
taken up in the Che between France and Exgland at 
the ſurface, und at che depth of 15 fathoms, were equally 
heavy; „ tr leans 
EE OR.. 
11 8 


t Ariſt. Prob. 8. zxiii. 9. 30. 
© Boyle's Obſerv, on the faltneſs of ihe fes. 
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On the. other hand, Count Marfilli obtained, by eva- 
the water, 2 thirty ſecond part only of its 
weight of ſalt from water, taken up on the. ſurface of the 
ſea in the gulf of Lyons 3. whillt, that taken ug at ba ſame 
time and place, from. a great depth, gave him a 4wenty- 
ninth. part of its weight of falt-+ and be thence infers, the 
faltneſs of the ſea at the bottom than at its. ſur- 
in this conchufian dee bas benn-ſuppened by e- 
periments — — A 
1 ere ne wich 
which any of theſe experiments was made: in diſſerent 
Plages. che facts will probably be different. The Rhone 
_ diſcharges much fi wgter into the gulf of Igenr! this 
1 lighter, than: the ſea water, will not rea- 
dily min irſelf with it: and for this reaſon the 
water will be moſt diluted by it; and ſrom that eircum · 
ſtance it will contain leſs: ſalt, in a definite quantity, than 
the water which is. at a, greater depth. - N. Northwich 
they pump their brine, which is to be hoiled. into alt, 
into a very large circular baſon, funk in che ground, and 
lined. wih brick, from :whenee, when its. impurities are 
| ſubfided, it is conveyed to the boiling pans.) This baſon 
is expoſed to the open airy and, in-caſe ofa great fall of 
rain or ſnow, they let off the uppermoſt parts eſ the wat er 
through a wooden tube, which is at other times ſtopped 
with a plug, placed upon 2 level nearly! with the upper 
ſurface. of the brine in the baſon 3 what: i thus let off is 
not preſerved, but thromn away as uſcleſh.” This practice 
proceeds upon the principle we are ſpeaking- of namely, 
that freſh water is not apt to mix itſelf; runleſs it be much 
agitated with falt water! Tbe gulf ef Rorbnis receives 
rivers from an immenſe range of mountains, extending 
rn the north, and the med, far ba. 
8 aan a feftt nl » > 30 n bes ; ,yend 
kg wat * 29:5 2% © 1 actes Hl 6s e i 
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yond the polar circle ; and therefore, as in the gulf of 
Lyons, its ſurface may be more diluted with freſh water 
than its middle or bottom. But in the water of the 
Engliſh channel, with which Mr. Boyle made his experi- 
ment, the caſe is very different. This water has a com- 
munication with the German ocean on one fide, and with 
the Atlantie on the other; and, from that circumſtance, 
it is ſubject to ſuch a conſtant agitation as will occaſion 
all the ' freſh water poured into it by the Thames, 
Medway, and other rivers of leſs conſequence, to be 
uniformly diffaſed through all its ſubſtance, ſo as to ren- 
der it cqually-falt at all depths. The conſtant effe& pro-. 
duced on the ſuperficial water of the ſea, by the influx of 
2 large river, is ſomewhat fimilar to the temporary eſſect 
attending a downfal of rain; the ſuperficial water will be 
thereby much diluted. It was obſerved in the voyage to 
Bombay before referred to, that if a quantity of fea wa- 


ounces. © 
| een 
Pole PP 
ſubject. 

In the ces bes off Skctland, dend letituile 60 degrees; 
equal quantities of water were taken up at the ſurface, 
and at the depth of 65 fathoms. Theſe different waters 
yielded by evaporation equal quantities of ſalt, namely, 
zp of their weight nearly. 

On i. in aenh_ ik” 6 dagpers, 
ſome water taken up from the ſurface gave nearly xy of 


its weight of ſalt, whilſt an equal weight taken up from 
; » a+. the 
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the depth of 683 fathoms, in the ſame place, gave 
only 31 . * 

It is obvious that the firſt of theſe experiments con- 
firms Mr. Boyle's notion of the ſea being equally ſalt at 
all depths, and that the ſecond is wholly oppofite, both 
to his opinion, and that of Count Marſilli 3 fo that the 
remains ſtill undecided. This is a circumſtance, 
however, which I will ſubmit. to the reader's confidera- 
tion, whether it may not be ſuſſicient to explain the dif- 
ferent reſults of the experiments made during the voyage 
here ſpoken of. The experiments which gave equal quan- 
tities of ſalt from equal quantities of water, taken up at 
the ſurface, and at the depth of 65 fathoms, were made on 
the rath of June: the others, which gave more ſalt from 
the ſuperficial than from the deep water, were made on 
the 4th of September. Now, admitting the ſaltneſa of the 
_ ſuperficial water, and of water at the depth of 683 fa- 
thoms to have been the fame, in the beginning of June, 
why may not the quantity of water, evaporated from the 
furface of the ſea, during the hot months of July and Au- 
guſt, have left the ſuperficial water more impregnated 
with ſalt than the water at a great depth? It is ſome 
confirmation of this notion, that the air in June was only 
fix degrees warmer than the water from the depth of 65 
fathoms; and that the air in September, when the expe- 
riment was made, was above 26 degrees hotter than the 
water from the depth of 683 fathoms. The riſe of freſh 
ſprings at the bottom of the ſea, in particular places, may 
be another reaſon for aur accidentally finding the ſea 
ſalter at its ſurface than at any great depth below ic. 
n IE RN: © pings 

tion 


In page 143, — act the la- 
pd to 75 degrees ; but it appears from pages 
11% and 157, at the ſhip da the 4th of Sept. when this expe» 
riment was made, was in latitude 65. 
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tion of the phenomenon are wholly to be relied on ; for 
the freſh water which may accidentally be found at the 
bottom of the ſea will riſe up till it becomes as much im- 
pregnated with ſalt as the water incumbent over it is ; and 
the water at the ſurface, which is rendered heavier by the 
ſun's having evaporated ſome of its freſh particles, will 
probably fink downwards, and mix itſelf with the water 
below it, 'till the whole maſs of water becomes equa 
heavy, and conſequently equally falt. The fact itſelf, 
of the ſea being in any caſe ſalter at the ſurface than at 
its bottom, caght to be" aſcertained by repeated expe- 
riments. 

With refpe& to the teniperature of the en at different 
depths, it ſeems reaſonable enough to ſuppoſe, that in 
ſummer time it will be hotter at the ſurface than at any 
confiderable depth below it, and that in winter it will be 
colder. Suppoſe a ciſtern, twelve feet in depth, to be 
filled with ſpring water, of 48 degrees warmth, to the 
height of eleven feet; then, if we fill up the ciſtern to its 
top, by gently pouring water heated to roo degrees upon 
the furface of the ſpring water, it may readily be underſtood 
that the heat of this water will not be inſtantancouſiy 
communicated throughs the whole maſs of water in the 
ciſtern, but that the water will decreaſe in heat from the 
ſurface to the bottom of the ciſtern. On the other hand, 


] 


ſo great as it would have been, 
mixed itſelf with the reſt. "Theſe: ſuppolitions of hot and 
cold water incumbent on the ſpring water | the ciſtern, 

| to the action of the ſummer and winter 
| No per- 


wooden tube, of 'about 18 inches long, and 3. 1 
ſquare externally. It was ſittad wich a valve at the b 
ſuſpending the thermometer exactly in the middle of it, 
When it was uſed, it was faſtened. to 
above the lead, ſo that all the way as-1 
water had a free paſſage thront it, 
fare' of: the: water, and of-- courſe the | thermometer. was 
brought up in a body 'of: water, of the ſame tempera- 
ture Wu that it was letdown ue. Wu this inſtru- 
220 te £97771 a 72 TD 7 ng 4533 wit ment, 
„des Aftronomical Obſervations made in a Voyage towards 


the South Pole, Ge. in 1772, 1773» de., by W. Wales. lono- 
duSion, p. 5H | 
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ment, which is much the ſame with one formerly deſcribed 
by Mr. Boyle, in his obſervations about the faltneſs of the 
ſea, water was fetched up from different depths, and its 
reiiperature accurately noticed in Gillreat alas ans 
titudes. 

Auguſt 27, 1992, ſouth latitude 249: 40. The heat 
. HE forte FO 
of water from the deptiy of 80 fathoms 68 ||. 


bs Fx 
 ® Voyage towards the North Pole, b. 143 


+ It appears from all theſe experiments, that when the at- 
moſphere was hotter than the ſurſace of the ſea, the ſu- 
perficial water was hotter than that at a great depth; and 
ſea, i is evident, that the ſuperficial water was ſomewhat 
I doubt not that this will generally be the caſe, thougt 
fadden changes in the of 

which cannot be ; temperature of the atmoſphere, 


the 


44 £8 : 
"In. another part of the lake, open air from 37 to 40. | 


©Water'at the bee of the be 
ER Depth 100 feet © -— - 
' Depth | $2.00 " 
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Temperature of the lake of Neachdtel July 17, 1779: | 


Water greceabe fro Sea Water, 65 
Of freſ 1 


8 


66 

1 we deſeried a main bank of ice, 
in the latitude of 609. Te mating” Gels wares 22 as 
cloſe to this land of ice, and hoiſted out our boat, and 
loaded her twice with ice, which made us very good freſh 
water 6. About nine of the clock in the forenoon we 
came by a great iſland of ice, and by this iſland we found 
ſome pieces of ice broken off from the ſaid iſland, which 
made us very good freſh water.” —* The pieces of ice we 
took up were hard and folid as a rock, the falt water which 
adhered to the ice, was fo trifling as not to be taſted, and 
aſter it had lain on deck a little time, CS 
and the water which the ice yielded was perſectly ſweet 
and well taſted . In the afternoon we filled our 


$ Cap. . in 1608: Parchafe* Col. B. iv. c. 13. 
: 223 towards the 8. Pole in 1773, Vol. L p. 37. 
12901 towards the N. Pole in 1773. p. 60. 
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Notwithſtanding theſe teſtimonies of our moſt experien- 
ced navigators, concerning the freſh water which they 
dry, on they found floating 
in the ſea eds; Roa it might ſtill remain a matter of doubt, 

ice, GER TALK the wall} Bos chentned, hog 
. ſea, and, conſequently, whether ſea 
water itſelf would when frozen yield freſh water? For it 
might, with ſome appearance of probability, be ſaid, that 
the ice had either been formed at the mouths of large 
freſh water rivers, and thence by tides or torrents drifted 
into the ſea, or that it had been broken by its own weight, 
from the immenſe chfts of ice, and frozen ſnow, which, 
in countries where there are few rivers, are found in 
latitudes to project a great way into the ſea * or laſtiy, 
admitting it to be ſormed in the ſea, it might be urged, 
that it was formed of freſh water, not of alt. 
in his voyage in 1614, eſteems ſnow the original cauſe. « 
the ice found at ſea, for he obſerved it to be an inch thick 
upon. the. ſurface of the ſea; and Captain Cooke, from his 
own obſervation in the South Sea, was diſpoſed to think, 
that the yaſt floats of ice. be met with in the ſpring, Were 
formed from the congelation of ſnow, . Without doubt, 
the faow which falls.upon the ſurface. of the ſea, being in 
2 ſolid tate, and, bulk for bulk, lighter than the ſea wa- 
ter, will not readily mix itfelf with it ; but may, by a due 
degree of cold in the atmoſphere,. be. ſpeedily converted 
into a. layer of ice 3 the upper ſurface of. this firſt layer of 
| ot N the ſurface of the ſea, will re- 
ceive 


* keebergs are large bodies of ice aeg ne vallies between 
the bigh mountains Large pieces frequently break off from 
the icebergs, and fall with great-noiſe into the water: we ob- 
ſerved. one. piece, which had floated- out into the bay, and 
grounded in twenty-four fathoms ; 1 
the ſurface of the water. 12 =; 


14 445. 9 
+ Vay, ue, he 8, Pale, Vel. , þ. 4%ſ 


4 


CHEMICAL DSSA'Y'S 189 


ccive all the ſreſm water which falle from the atmoſphere in 
the form'of ſnow; fleet, rain or dew; by the 
congelation of Which, the hagelt Helds of ice may u tft 
be formed. Whether the ice foutid'ar fea, be formed ac- 
r Lo Dif to | is evideae, that 
kom an acrummlation of congealed freſh 
_ and that WE canner,” from the freſh water procur- 
able from ice tfias formed, conthude that the ice of frozen 
ſea water would yield felt water. 20 an 
To a navigator, r ee eee bs 
determine, whence the ice which him with freſh 
water is produced : he is fure of meeting with more than 
enough of it for his purpoſe : rand he leaves if be the Veiſtire 
T 5 9 


— attention. e e one 
A OOF be bod on ne Bao pn 
Aly free from any taſte'of ſalt. 
ah Ga: produced fromthe melt- 
Ns beret Heb ther this of we 
N. And ſome what leſs than that of à mixture of 
rain ad fnow water taken but 2 Water tab” The de- 

k cold,” in which the Td Wer frote. vas 81 of 


or lower than the in which 
; Water fre . of cold; however, 
which Ka Vater freezes, can we pe 
nerd!” lee it cin be ewu, that the fea Walkt, rt 
up in Arlt Uiitudes, hitains "equal JAA ak. 
the contrary of which is probably true. And 
the greater the qu dn Wd 
of ſex water, the greater will be the « 9 
fary is freeze A W 
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informs us of a'chemiſt, who, near a century ago, en- 
deavoured to expedite the buſineſs of making ſalt in 
Sweden and Livonia, by means of froſt. With this view 
he propoſed the making large reſervoirs to contain the 
der the ice into proper veſſels, to be boiled in the 5 
way. He obtained a patent, 2 of falt- 


the remaining two thirds, N nl Give 
all che ſalt contained in the whole of the ſea water; thus, 


8 9 —— 
occaſions, hold a little ſalt; but not ſo much as is contain 
ed in many ſpring waters, which are reckoned ſufficiently 
pure. Eight pounds of frozen ſea water, taken up near 
Calais, left upon , evaporation 32 grains of refiduum, 
as The ſame quantity of 


unfrozen 


_ . FKunck, Cons. Chem. Tab, xviii. . 13. ee 
neral. French Tranf, Vol. l. p. 316. 

t Traits des Sela, per M. Stahl. French Tu as 

Briſtol and other waters containing earth, are found to de- 
poſit their earth, or . great portion of it, by being frozen, 
Brownrigg on Salt, p. 96. Some ice taken from under the ſur- 
face of the ſea in Hues Streights, being melted, gave fix 
ounces of ſalt from 40 quarts of water It is probable, that it 
would. not have given ſo large a proportion of. ſalt had it been 


1 cleanſed from the adhering . — 
rank, 1740, p. 807. 


192 CHEMICAL ESSAYS. 


unfrozen ſea water, taken up at the ſame place after the 
froſt, leſt by evaporation 1412 grains f refiduum ; ſo 
that the water, by being frozcn, had freed itſelf from 1380 
grains of heterogeneous matter . OE 
The ice found at ſea is of different colours and con- 
fiftences, ſome is poliſhed and pellucid, and thought to 
be-freſh water ice; another kind is of a ſpungy texture, 
and of a pale green- colour, like vitriol; and it has been 
affirmed, that this kind of ice is falt, and conſiſts of falt 
water frozen'f;- This is 2 miſtake, both as to the fac 
and the-reaſon bf it ; for the vitriol coloured ice, when 
freed from the ſalt water in which it ſwims, is quite 
freſh ||; and ſea water when frozen, we have ſeen, does 
not yiedd a t er > l: 
We may, perhaps, be leſs ſurpriſed at the particles of 
water, in which ſea ſalt is diſſolved, ſeparating themſelves 
with | G 1 itt any . Qi with ſüch a 1 | . . 

ncous body, when we confider, that, during the action 
Water in its fluid ſtate is ſaturated with air, but it is in 2 
great meaſure; if not wholly, deprived of it by being fro- 
of Ariſtotle, in attributing the infalubrity (real or ſup- 
poſed) of water which has been frozen,” to the loſs of its 
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I Journ des Senvans Mai. 269 dee alſo Boerk: Chem 
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_ Non ſolo rigore nivalis aqua pernici ofa eit, fed ob nN n 

nis aqua, inquit, in ſe” neris tenuiffimi portionem que 

ſalutaris eſt — vix ergo que nibil aliud eſt quam aqua in acre 

denſata teuumem ſai cum denſaretur amiſit, et ideo"ex ejus, 
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at ſea) was perfeftly freſh, and had = purer taſte than 
any we had on board. If any fault could be found with 
it, it was that the fixed air was expelled from "it, 
which means almoſt every oute who uſed it, was 
with ſwellings in the glands of the throat. Water mched 
from ſnow or ice is known to have this effet, 
and the conſtant uſe of it in induntincous eountrits pro: 
duces thoſe enormous wens which ate common among At- 
pine nations . If the lofs of the water's air be the true 
cauſe of the'turid throat; obſervable amonzz the ſihabbe | 
rants of the” Alps, and and of "the "ghandufar N 
mentioned, it ſeems as if, # very” 
ſeee t oa | Tarts fry 
ſalabrity. e Tor 4 few 
mmm en the "ji? water, 
whit Yer en e of i ac im 
readily," and becomes ſaturated with K in off * 
of time. Aud this readineſs of imbi bing air makes a ma- 
terdat diſſerenve between the water obEGined fro the fm- 
ple thawing of ſnow, andriver water, thougb the river 
vater itſelf ſheold proceed from melted ſnow ſot being in 
its cotrſe corftantly expoſed to the air, it will won regain 
the die which it had loſt by being frozen. 
| This nay sst be an imptoper” plate to obſerve, that 
ſcreral phyſicians have ſec the notions of the wie of 
ſnow water being the” cauſe of went here fpoken of, and 
pen good grounds. For in Greenland, where ſnow 
continonly"uſed, theſe unſightly protyberances are 
never met wi f nor did Lever ſee one of them in Weſt 
_ moreland, where we have higher mountains, and more 
ſnow than they have in Darhyſbire, in which country they 
are very common. - But what pute che matten beyond = 
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- * 1 7 4 Q. * A - Coe v hf 13 = — » — 
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doubt is, that theſe wens are common. in Sumatra, where 
there. is no ſnow during any part of the year . 

The polfibility of extracting freſh water from ſea water 
by diſtillation, has been long known ; and indeed it ſeems 
9 — have been queſtioned by thoſe, who 
duly reflcQed upon the origin. of all the freſh water we 
meet with on the ſurface of the earth. | r 
of the globe is yet but ĩmperfectiy known ʒ enough, how- 
ever, is known of it to convince us that's much. larger 
portion of its ſurface is occppied by fea. than; by land. 
The Atlantic. Occan. appears at firſt view to be larger than 
the whole Weſtern Continent, and the area of the reſt of 
the habitable world, even if-we. take into, confidezation the 
land recently explored jn the ſoutherp hemiſphere, ſeems 
as if it conjd not equal half That immenſe expanſion of 
water which confiizytes. the, Jian. and Pacific Oceans. 
Philolophers have tempted by mraſuring the .moſt ap- 
proved maps, and by other ingenious. methode ta aſcer- 
tain the exaR proportips, between. the land and fea.; great 
cannot reaſonably de expected to accompany 
this inquiry; but when. we learn from one, - that che ſea 
covers near three fourth. parts ®, and from, another that it 
covers four fiſths $ of the. ſurface of the glohe;/ we way 
—.— ſatisfied of the truth of the general. poſition, 
there is a much greater extent of ſea than of dry land. 
This immenſe maſs of fa water. which. — che 
globe, is the great primary ſource from which-all freſh; wa- 
ter is derived. The vapour which | is incefſantly. elevated 
FFF ˙ Fins GENPReE ni, 
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. The ſeas, and unknown a ns mate 

ment of the beſt maps), contain 160,522,026 ſquare miles ; 

— parts 38.990, 569 — 4-456,065 Aa. 
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voter with 4 gentle, heat. This method. of obtaining 
ways from the diſtillation of ſea, water, was prac- 
| r 
Although our freſh. water had failed us many 


on. — authory of them, .cither from: an i ig- 
norance of the real nature of ſea. water, or from. a 


ry > Fo. both in France 
and; eee M. de Beagainnile, in his voyage round 
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the world, has borne honourable teſtimony to the utilicy 
public. in 1763, by M. Paſſewder, ite inventors Lord 
Mulgrave, in hu ds ohe North Pale, in 1775. 
bas done equal juſtice to the merhod ef obtaining kehr wa- 
che Euglſh navy in the year 1440," by Dr. Nong. Whe- 
rher the invention of bn, Feiibilaide efted ny unte 
w Dy. Ivving, is 


— ſpout, and with a hole in the nd, in the place 
the mouth of a tobaces-pipez ketting” 
inclination downwards, then will the 


the Rey haves link = 


. 
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lid of. the common kettle uſeti for boiling the provifiers on 
boars a hip; the fre vapour neh arifes from: being 


ſea 
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ſea water in the kettle, paſſes through this tube into a 
hogſhead, which ferves as a receiver: in order that the 
vapour may be readily condenſed, the tube is kept cool, 
by being 9 rears... 4DA in a tub of 
a it appeared from the eeftimony, which ens eee 
the Lords of the Admiralty, by many reſpeQable officers 
who were cye-witneffes to an experiment, made on board 
the Arrogant, at Spithead, in January 1771, that“ 86 
gallons of ſea water did, in twenty-five minutes, after 
being put into the Arrogant's copper, and a fire made, 
diſtil in the proportion, of twenty-five gallons per hour, 
int o freſh water, perſectiy well taſted, and of lefs ſpecific 
gravity than the beſt ſpring water in that neighbourhood ;?? 
and the ſaid officers gave it as their opinion, that 50o gal- 
long of freſh water might be diſtilled in the ſpace of 24 
hours, with the ſame quantity of fuel in proportion to the 
time, as is required in the ordinary buſineſs of the ſhip. 
Every ſhip's kettle is divided into two parts by a partition 
in the middle, one of theſe parts is only in uſe when peaſe 
ar oatmeal are drefled, but water is at the ſame time kept 
m the other to preſerve its bottom. Dr. Irving has availed 
himfſclf- of this ciroumitance, and by filling the ſpare part 
of the copper with ſea water, and fitting on the lid and 
tube, he has ſhewn, that 60 gallons of freſh water, may 
be drawn off, during the boiling of either of the above 
mentioned provifions, without the uſe of any additional 
fact : he recommends alfo the preſerving the water which 
may be diſtilled from the coppers in which poaſe, oatmeal, 
or pudding are dreſſing, as both a ſalutary beverage for 
the ſcorbutic, . . 
ing of ſalt proviſions. 

In November, 1951, - dird Soutulih font me two bet- 
tles of the beſt diſtilled-water, which could be preparcd by 
| Dr. Irving from ſea water, defiring my obſervations upon 
it. In compliance with his Lordſhip's requeſt, I made 
7 Ae him an ac- 
0 3 0 count, 
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count, without venturing to give the moſt diſtant opinion 
concerning the ſalubrity or inſalubrity of the water.—Ex- 
per. 1. Four ounces of the diſtilled fea water, being 
evaporated by a flow fire, upon a filver plate, left a pel- 
licle, which was very ſenſibly ſaline to the taſte, and glu- 
tinous to the touch —2. Four ounces of the conduit wa- 
ter of Trinity college, treated in the fame manner, left a 
pellicle, but not quite ſo large, nor ſo manifeſtly ſapid, 
as that from the diſtilled ſea water. 3. The ſame quan- 
tity of common diſtilled water, being evaporated in the 
ſame way, left no ſenſible pellicle.-4. The ſame quan- 
tity of common diſtilled water, impregnated with a ſmall 
drop of ſpirit of falt, left no pellicle upon the whole ſurface 
of the plate, but only a yellowiſh ſpot upon that part of it 
from which the laſt portion was evaporated, this ſpot was 
glutinous to the touch, and had a bitter metalline taſte.— 
5. The fame quantity of common diſtilled water, im- 
pregnated with two grains of ſea ſalt, left a pellicle, fimi- 
lar to that left by the diſtilled ſea water, except that it was 
ſomewhat whiter, had a leſs piquant taſte, and a leſs 
glutinous confiſtency. From the 4th and 5th experiments, 
compared with the firſt, it may be inferred, that the diſ- 
tilled ſea water, which I examined, contained a fmall 
portion of ſea ſalt, and alſo a ſmall portion of the acid of 
ſea ſalt uncombined with any baſis. A very minute. por- 
tion of ſea ſalt, or ofthe acid of fea falt, may be diſcover- 
ed in a large quantity of water, by the milkineſs which 
enſues on dropping into a glaſs full of the water, a drop or 
two of a ſaturated folution of filver in the acid of nitre—- 
6. I dropped a ſolution of filver in acid of nitre into com- 
tranfparency of the water changed -. Into an equal 
quantity of the diſtilled fea water, I dropped an equal 
number of drops of the folution of ſilver, the water be- 
came very turbid, and a copious white precipitation en- 
ſued. Theſe experiments ſhew, that the diſtilled ſea wa- 
ter is not wholly free from ſaline particles ; but it probab- 


ly 
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ly contains bens is fo ſmall a proportion, as notto injure 
its ſalubrity in any ſenſible degree. 

We may be the more diſpoſed to admit the poſſibility of 
diſtilled ſea water containing ſaline particles, when we re- 
fle& upon the ſmell of the acid of fea falt, which circu- 
lates through the houſes in which ſalt is prepared, by boil · 
ing either ſea water or brine. The vapour which ariſes 
from the pans in which ſalt is boiled, being caught and 
condenſed in proper veſſels, and examined by proper teſts, 
gives indications both of ſea falt in ſubſtance, and of its 
acid. It is not an caſy matter to aſcertain the preciſe de- 
gree of heat, in which faline particles begin to accom- 
pany the vapour which is raiſed from ſolutions of ſea falt ; 
it is probably a degree far inferior to that in which water 
boils : at leaſt we are certam, that faline particles are 
found in rain and ſnow water, both of which are derived 
from vapours ———-„»„— 9 
the ſun upon the oc can. 
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language from the Latin. It properly denotes the friable 
earth, to which ſome ſorts of bodies are reduced by fire. 
The operation by which they are reduced to that ſtate is 
called calcination; and a very large claſs of bodies, from 
their being peculiarly ſubject to be converted by fire into 
a calx, have been denominated, by various mineralogiſts, 

calcareous bodies : the calx, or powdery carth, procured 
from calcareous ſubſtances by calcination, is commonly 
callyed lime, more philoſophically quicklime. 
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| Lead, iron, tin, and ſeveral other mineral 
reſpectively be reduced by dine do dhe tate of a cal : but the 
earths obtaiuabſe from theſe ſubſtances by calcination, not 
ces of this or that ſubſtance which are prepared. 
of Eagland, lime is prepared from the calcination of 
l, or, as & is generally called, church. The kilns arc 


| 
the baſe and 
the dept theſe 
kilns 1 hours: 
. — 
ſorts of to the fine- 
neſs of neither 
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ads na nn: Candice RemababOEns 
——ů — 

—————— er fn. fiite oct arhiogh 
with pit-coal, in others with the cinder of pit- cu, i 
cthers with wood, in others with penn in others with | 
furze: the kind of fuel ſeems to be of no 
the degree of heat be the fame. Some forts, 

„ of pit-coal are apt, eſpecially when uſed in large 
quantities; 30 eats edgetier; and thus hindering, in ſome 
meaſure, the equal 'diffafion of the heat, the ſtone re- 
mains unburned. In order that the heat may penetrate 
through every part of the ſubſtance to be caleined, it 
uſunl to break it into ſmall picces : but if the caleareom 
fone happens to be naturally ſhaken or ſplit into layers, 
large pieces may be calcined, by placing them ſo that the 
flame of the fucl may, in aſcending, find its way be. 
tween the feveral layers of which the ſtone confifts. In 
fome parts of Yorkſhire they burn pieces of this fort of 
ſtone a foot in thicknefs, and a foot and a half in length, 
without breaking them : they uſe generally erght dozen 
of coal to u Kiln, and obtain twenty-two dozen of Be, 
the dozen 36 buſhelſs. 

It, is probable that there is a certain definite degree of 
heat, to which any particular kind of calcarcons ſubſtance 
ought t o be to its being converted into 
the beſt poſſible Time. Tf the heat be too fmall, the whole of 
the fabſtance will not be converted into lime; and on the 
other hand, it is poſſible, that the heat may be [6 great; 
as to reduce the fubſtance to a kind of glaffy cura; and 
whenever it becomes vitrified, it will loſe the properties of 
lime. Tam aware of what is ſaid, the cater 
greateſt degree of heat; but though the heat of a chemi- 
cal furnace may not be ſufſicient for the purpoſe, yet there 
is reaſon to believe, that a ſuperior degree of heat may 
effeR a kind of vitrification ; certain it is, that the lime 
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burners are careful not to give too much heat, leſt they 
ſhould injure the quality of the lime. When the beat has 
been too violent, they, in many kilns, find ſeveral 
pieces of limeſtone. covered with a glaſſy. coat, and ſtiek · 
ing together: I do not take upon me abſolutely to ſay, 
that this effeRt is to be aſcribed to a beginning vitrification 
of the lime-ſtone, it may either proceed from thence, or it 
may be accounted for by ſaying, that the aſhes of the ſuel 
adhering every where to the ſurface of the calcareous fub- 
ſtance, have, in particular places, where they happen ta 
be amaſſed in ſufficient quantity contributed to its vitrifi- 
cation. This vitrification of calcareous carth, when mixed 
with other ſubſtances is obvious enough in the iron fur- 
naces, where they are accuſtomed to mix limeſtone with 
the iron ore, the ſcaria or flag of an iron furnace perfectly 

There is a very fingular experiment, which may be pro- 
perly mentioned in this place. Mix well together equal 
weights of powdered chalk, or other calcareous body, 
and powdered pipe clay, put the mixture into a crucible.* 
Any where towards the middle of the crucible, put two 
folid pieces, one of pure chalk, the other of pure clay, ſo 
that they may not be contiguous to each other, but be 
every where ſeverally ſurrounded with the mixture of chalk 
and clay; then by expoſing the whole to a ſtrong degree 
of heat far a ſufficient length of time, it will be found that 
the muzture has been converted into glaſs ; and upon 
breaking the vitrified maſs, we ſhall diſcover the two ſolid 
pieces of chalk and clay, unvitriſiod, and unaltered in 
tdeir figure, though every where ſurrounded with glaſs. 
Any other fort of clay, would probably anſwer the purpoſe 
* nn * made the experi- 


* l 
 fiong, wider at the top than at the bottom; they are principal- 
ly uſed for the melting of metals, and are made of clay and 

ſand, or of clay and black lead, or of fuch other materials as 
—U— — 


CHEMICAL ESSAYS. 203 
Tent with that, as being one of the pureſt clays. From 
this experiment it is certain, that a mixture of calcareous 
earth and clay, is reducible to glaſs, in à degree of heat 
which is not ſufficient to vitrify either of theſe ſubſtances 
when pure. The clay, of which bricks and tiles are made, 
often contains a quantity of calcareous earth, and hence 
we may underſtand the reaſon why ordinary bricks and 
tiles are not able to refiſt a great degree of heat: a tile 
covering 2 crucible is often quite vitriſied, whilft the cru- 
cible remains unaltered, the tile being a mixture of clay 
and calcareous carth, and the crucible being made of pure 
clay and fand. 

It is well known, that lime is lighter, bulk for bulk, 
than the chalk. or ſtone from which it is made; ſome fob- 
ſtance therefore or other is diffipated during the calcina- 
tion; the nature of this ſubſtance will be inquired into 
hereafter, at preſent our concern is to aſcertain its quan- 
tity. The ſubſtances which I converted into lime, were 
fine white marble called ſtatuary marble; Sienna mar- 
ble; fine tranſparent cryſtallized ſpar, of that ſpecies 
which mineralogiſts have denominated hexagonal trun- 
cated; rhomboidal opake refracting ſpar; rhomboidal 
tranſparent refracting ſpar ; all theſe ſpars from Derbr- 
ſhire; a marble, of & bluiſh caſt, called dove marble; 
| veined mathe; "Clitheroe limeſfone; Purbeck 
fone; chalk from Cherry Hinton, near Cambridge; 
Portland ſtone; Ketton ſtone from Rutlandſhire, deno- 
minated bammites, from being compoſed of globules re- 
ſembling the roes of filkes. A common die is 4 little 
cube; if we ſuppoſe the length, breadth, and thickneſs of 
a die, to be reſpeQively increaſed, till each of them be- 
comes equal to an inch, foot, yard, or mile, then will the 
dic become a cubic inch, a cubic foot, yard, or mile. The 
weight of a cubic foot of water is found, by experiment, 
to be preciſely equal to 1000 avoirdupois ounces. Affurn- 
ing then the weight of a cubic foot of water to be 1000 
ounces, by a method, ſufficiently explained in books 
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which treat of Hydroftatics, I calculated what would be 
the weight of a cubic foot of each of the calcarcous ſub- 
ſtances, which I converted into lime. 


Weight of a cubic foot of 


Water - 1000 
Purple-weined marble = 2750] 
Sienna marble - 2729 
— ares - 2725 

. Cryſtalized ſpar - 2701 
Rhomboidal ue ſpar 2700 
Dove-colo marble = 2694 


Rhomboid. tranſparent 
Clithero limeſtone 2 


2693 
2686 
2680 


2637 
2461 


2456 
- 2661 | 


I is unneceſſary to trouble the reader with a particular 
detail of each experiment, in which one or other of theſe 
fubſtances was converted into lime, he will judge it ſuffi- 
cent to be informed of the general method of proceed- 
ing, and to be made acquainted with the general reſult. 
The method confiſted in ſele cting pure pieces of the ſeve- 
ral ſubſtances, and putting ſometimes two, ſometimes 
three of them into a crucible filled with ſand; care was 
taken that the pieces neither touched each other nor the 
iche of the crucible; the* crucible was then expoſed to a 
very ſtrong fire for four hours ; none of the picces weigh- 
end more than an ounee, fo that the fire to which they 
were expoſed, it is apprehended, was quite ſufficient to 
convert them into perſeft quick limes; they were all dry, 
and were weighed very accurately before and after calci- 
nation, and in the weighing after calcination great care 
- +a * — 
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to weigh them before they were quite cold. The follow- 
ing table comprehends in one view the different reſults of 
the ſeveral experiments; the firſt column mentions the 
different ſorts of calcareous ſubſtances with which the ex- 
periments were made; the ſecond expreſſes in hundred 
weights, quarters, and pounds; the quantity of lime 
which a ton of each teſpective ſubſtance would yield by 
calcination ; theſe numbers were derized, by the rule of 
proportion, from the ſmall weights uſed in the experiments; 
5 Oe pe IN In 


[ 29 


Ho B PEGS an F 


—— 


3 5544 


Rhomboidal Ds. ſpar - 


909 ee 6 e % 
rr 


Hering formed this table from my dw experiments,” I 
was willing" t& fee What correſppadence'/it-bore with the 
experiments of others. Authors ſeldomn- expreſs them · 
ſelves on this ſubje& with ſufficient preciſion; I have met, 


however, with ſome experiments, which ſeem to have 


been made with TSS 
2 table upon t principle as 
the preceding. 


* Cour- 
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C. q. tb. C. . bh. þ 
11 2 2 8 1 26 
11 1 23 18 2 5 
In 120 18 2 81 
11 © 9 219 
11 1 a. 3 0 
11 0 24 [ 3 4 
11 0 18 3 160 
11 0 12 3 16 
11 0 6 48 322 
11 0 Oy 8 3-4] 4- 
11 0 0 [9 © © 
o 2 14 [9 114 
— 9 * 14 75 
.IT 0 207 ee 
| r Main! 
[ 8. A ole. 0 
ZnO 


ie 
that calcarcous ſubſtances of different kinds and countrits, 


do not differ much from each other in the oſ lime 
1 


Er 2 
as much accuracy as the nature of the ſubjeſt. would admit ; 
yet I thought i * rann 


Fart is principally ſupplied with lime from the Courcel- 
les limeſtone, —the three pieces here mentioned were burned. 
io 2 . . 10 "Tru 4947 


1 PhiloC. Tranf. 177% „ . 2 
I dia. EF. Vol. I p. 6. 
F 
2 conſtituent parts of calcareous earth. Edia. Ef, 
$ Prof. Jacquia's Exam. Chem. Doc, Mey. Vieans, 1769. 
1 Wallerius, Swed. Mem. 1760. 
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if it could be ſhewn, that the quantity of lime really pro- 
cured. from the calcination of a ton of chalk or limeſtone, 
was not much different from the medium quantity aſcer- 
tained by the experiments. I went, therefore, to one of 
the kilns of this country, where they burn chalk into lime ; 
and I firſt weighed four buſhels of chalk, which had been 
dried by the heat of a hot ſummer, the medium weight of 
the four buſhels was 86 3 pounds: I then weighed four 
buſhels of the lime, warm from the kiln, the medium 
weight of Which was 664 pounds. Calculating, from 
theſe numbers, the weight of lime which a ton of chalk 
would yield, it will be found to amount to 15 c. 1 f. 7 lb. 
— This quantity of lime being ſo different from what I 
expected, I brought a piece of the chalk to my elabora- 
tory. I then weighed it accurately, and found that a 
month aſter, "though the weather was hot, it had neither 
gained nor loſt weight. I then converted it intõ Time, and 
it gave aſter the tate of 1 f c. 1 d. 19 lb. of lime from a 
8 - 16lb. leſs than what the ſame chalk when 
the kiln would yield. I take this difference to 
be wholly attributable to the fuperior degree of heat, with 
which the echalk'in my experiment was burned. - Ii is to be 
wiſhed that . was uſed" in the burning of lime in 
this country f? for if a ton of chalk, when properly barned, 
ought to weigh only about It hundred weight, and it does 
ordinarily weigh about 15 hundred weight, it is obvious 
— bas about 4 parts in 15 which are not 
lime- but chalk; and to this cauſe are to be referred the 
hard lamps; which are found in the lime of this country, 
where it is ſlacked ; theſe lamps being nothing but chalk 
which is not burned into lime for want of a ſufficient fire; 
the expence alſo of carrying 4 tons of chalk in every 15 
tons of kme is a circumſtance not to be neglected. 
At Pennybridge, in Lancaſhire, they burn a hard 
limeſtone, 'a Wincheſter buſhel” of this ſtone weighed 
_ The ſame meaſure of the lime, when juſt burned, 


weigh- 
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weighed 109 1b. Theſe numbers. give 31 © 3 q. 31 1b 
of lime from a ton of the ſtone. * * 
The lime burned at Clitheroe in Lancaſhire is reckoned 
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ton of hard tranſparent cryſtallized ſpar, is 92 pounds, 
or near , of the whole weight. 
Whether this difference be greater than what might 
_ ariſe from different ſpecimens of the ſame kind of calca- 
reous ſubſtance, is more than I dare poſitively affirm. 
One ſpecimen of the Courcelles limeſtone we have ſeen, 
gave after the rate of 11c. aq. 21b. from a ton of the 
crude ſtone ; another calcined in the fame kiln, gave only 
Tic. og. Ib. from a ton, the difference is 57 pounds, or 
abont of the whole weight. Different pieces broken 
even from the ſame lump of chalk, limeſtone, marble, 
and almoſt every other calcareous ſubſtance, ſeldom con- 
ſiſt of preciſely the fame materials; this is obviouſly ſeen in 
buildings and pavements, made either with marble,' Ket- 
ton, or Portland ſtone; there may generally be obſerved 
hard knobs, which do not wear away fo faſt as the other 
parts of the ſtone; and thoſe who are accuſtomed to ſaw 
any of theſe ſubſtances are fully ſenſible of this diverſity 
of ſtructure in the ſame block of ſtone, from the greater 
difficulty of cutting ſome parts of it than others. I broke 
the ſame ſmall lump of chalk into four different pieces, 
and calcined them for different lengths of time, with a 
view of ſeeing whether there was not ſome regular pro- 
portion with reſpe& to the time according to which the 
quantity of lime procurable from chalk would vary. I 
broke alſo the ſame lump of Clitheroe limeſtone into four 
ſmall pieces, and calcined them for different lengths of 
time with r 
Dr 
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Lime from a ton of 


anſwer my intention in making them, fince there does 
not appear to be any regular decreaſe of lime with the 
increaſe of the time of calcination; but they probably 
point out to us a difference in the compoſition of the diſ- 
ferent ſpecimens; and indeed, in the chalk which was 
burned for 7, as well as in that which was burned for to 
hours, I could diſcern, after calcination, ſome ſmall ſpecks 
of iron which were wholly inviſible before calcination. 
Mr. Whitehurſt * has favoured the world with ſome 
intereſting obſervations, concerning the firata in 
Derbylkirez the following is his account of their reſpedt- 
ive thickneſſes, and of the order in which they ſucceed 


one another; No. 1. denoting the uppermoſt ffiratum. 
| 120 yards 


* 


* See . 
Earth. 


P a ; Theſe 


212 CHEMICAL ESSAYS. 


Theſe ſeveral ſtrata of limeſtone are each of them 
divided into layers, which have very different appear- 
ances. Thus No. 3, which is 50 yards in thickneſs, may 
be conſidered as conſiſting of 3 diftiad layers. The 1 
layer, which is contiguous to the ſhale, is the black Der- 
byſhire mardle; the ad is called by the miners, ſnail horn 
marble, from its abounding with ſcrew-ſtones, and ſiſn- 
ſhells; the 3d is a compact grey limeſtone, with ſeveral 
large eryſtaline ſpecks in it, but with few ſhells; the 4th 
has rather leſs ſpecks, and is whiter than the 3d; the th 
layer, which lies immediately over the toadſtone, is like- 
wiſe a grey limeſtone. 1 examined the relative weights of 
the black marble, and of the ſecond, third, and fourth 
layers of the ſtratum, No. 3. with attention, and 
alſo the quantities of Time which a ton of each would 
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ſome dependence on their weights; the heavieſt layer 
yiclding the moſt, and the ligliteft layer yielding the leaſt 
lime, from the ſame weight of ſtone . 
I have pow given an account of 12 experiments made 
by other authors, and of 32 made by myſclf, on calcareous 
ſubſtances of different kinds and countries, the medium 
quantity of lime procurable from a ton of theſe ſubſtan- 
ces, will be found to amount to x1 c. o. 25lb. and 
conſequently the medium loſs of weight will be 8c. 3 g. 
3 Ib. 

When compa® maſſes of any fort of lime are ex- 
to the air, even in a room ſheltered from rain, or 
dew, they ſoon begin to crack, and in no great length 
of time they fall into a powder, and receive a confiderable 
increaſe of weight. The time requiſite for eſſecting this 
change, depends much upon the quantity of the ſurface of 
the lime which is expoſed to the air, partly, I believe, 


piece | 
lime on the roth af Feb. 1719 ; beſore its calcination it 
weighed 540 grains ; after calcination, and whilft it was 


yet warm from the fire, it weighed 204 grains; this laſt 
quantity was laid upon a piece of clean paper, put into a 
drawer of my ſtudy table, and weighed at different inter- 
vals, till it had ired its utmoſt increaſe of weight, 
which it attained on the 4th of March, it then weighing 
515 grains. I weighed this lime for two months aſter- 
wards, at different times, but it till weighed the fame. 
Another quantity of lime from ſtatuary marble, was ex- 


which was 30 ounces ina 
thire black marble, being calcined in the ſame 
the marble, gave only 11 e. o 1 Ib, of lime, 
pounds in « ton leſs thas the marble gave, 


i 5 * 


214 CHEMICAL ESSAYS. . 
creaſe of weight in twenty-two days. It did not ſeem to 
me, that any other kind of calcareous ſubſtance, when 
reduced to lime and expoſed to the air, acquired its great- 


elt increaſe of weight ſo ſpeedily as ſtatuary marble ; 1 
make this obſervation with diffidence ; for I have neither 


TEAR 
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1 
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I ſpar, have no appearance of globules, nor do they 


feel ſo harſh and gritty to the touch, as the others do. 


The whiteſt of all the limes, which I have ever ſeen, is 
that which may be obtained from the cryſtallized ſpar be- 
fore mentioned ; ſtatuary marble, and Portland ftone, 
give very white limes, but they are many degrees leſs 
white, than that from cryſtallized ſpar. The limes from 
Sienna marble, chalk, rhomboidal ſpar, and Ketton 
one, have a yellowiſh caſt. 

ex 
utmoſt increaſe of weight, which different ſorts of lime 
can acquire by expoſure to. the air. The limes were all 
looſely folded up in clean paper, laid in the cloſet of a 
room where there was a conſtant fire, and weighed at 


creaſe of weight, which ſome of them did not do in leſs 


than three quarters of a year. The general reſult of the 
experiments is expreſſed in the following table; where the 


firſt column contains the names of the ſubſtances, from 
weight, to which a ton of each ſort of lime would encreaſe 
by expoſure to the air, and the —_ ewe oy qaanjny 
of the increaſe in a ton. 


IC. 4 bb. q Ib. 
- [3s 012115 © 12 
- [35 © 9115 © 9 
- [34 321114 3 21 
- [34 2 of14 2 © 
- [34 0164 © 16 
- 144 o $14 0 3 
- 133 1 25113 1 251 
- 132 I AT FIA 1 21 
o 32 1 15112 1 15 
- 33 3.1311 3 13 
- 2 3110 2 9 


were made in order to aſcertain the 


the ſecond expreſſes the 
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Hence it is evident, that the greateſt increaſe of weight 
which a ton of lime, of the ſeveral forts here mentioned, 
would acquire by expoſure to the air, amounts to rather 
more than three quarters of a ton, and the leaſt amounts 
to above half a ton. This obſervation is worthy of notice 
in a practical view ; lime is ſometimes fold by weight, 
and it is obvious, that the ſeller will be a very confidera- 
ble gainer, if,. after having drawn his kiln, he lets his 
lime remain expoſed to the air for a few days before it is 
fold. I have frequently obſcrved pieces of new burned 
lime, daily increafing at. the rate of one hundred weight 
per ton, for the firſt five or fix days. The farmer too, 
in liming his land, ſhould contrive to carry out his lime 
as ſoon as poſſible after it is burned, he may otherwiſe for 
every ton, have the trouble of carrying a ton and a half, 
or more. 
weight, . dors not loſe any part of what it has acquired by 
ſubſequent expoſure” to the air, even during the heat of 
fummer. Several forts of lime, which I apprehended had 
gained their greateſt iricreaſe of weight in April and May 
1779, were weighed at different times during the ſummer 
of the ſame year, which was frequently very hot, but I 
did not obſerve that any one of them was diminiſhed in 
weight by the action of the heat: let the matter, there- 
fore, which is attracted by the lime from the air be what 
it may, it is a permanent ſubſtance, and not ſubject to 
evaporat ion during ſummer. Hence it cannot be doubted, 
that the foil upon which lime is ſpread acquires a great in- 
+ creafe of matter j every ton of lime attrafts above half a 
ton of ſome fort of matter or other ſrom th air, and adds 
it to the earth ; now this matter would not have become 
united with the carth without the intervention of lime : 
but whether any patt of the advantage of liming, where 
the ſdil is bad or ſcanty, may be attributed to this increaſe 
GWG 
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the earth, is a queſtion which I have not Hill enough in 
to decide. - 
I have been told by a gentleman of fortune in Derby- 
ſhire, that he has frequently, with great ſucceſs, ſpread 
1000 Wincheſter buſhels of lime upon an acre of ground: 
let us ſuppoſe a Wincheſter buſlicl of Derbyſhire lime to 
weigh 100 pounds, then will 1000 buſhels weigh 100000 
pounds, or above 44 tons; and ſuppoſing 1 ton of ſuch 
lime to gain only 14 hundred weight by expoſure to the 
air, then will the whole acre receive an increaſe of foil, 
from the lime which is ſpread upon it, equal to above 30 
tons in weight beyond the weight of the lime. 

Having eſtimated the loſs of weight ſuſtained by differ- 
ent calcareous ſubſtances during their calcination, and 
alſo the gain of weight which the limes procured from 
theſe ſubſtances acquire by expoſure to the air, it is natu- 
ral to inquire whether the gain is equal to the loſs. Upon 
the 6th of March I converted into lime 204 grains of 
dove marble, the lime weighed whilſt hot 116 grains; 
upon the 5th of the following November the lime weighed 
2034 grains. This lime was weighed from 
March to November ; and if it ſhould be ſuppoſed that 
half a grain was inſenſibly loſt by frequent weighing, then 
we muſt conclude that this kind of lime gains by expoſure 
to the air, juſt as much as the marble it is prepared from 
loſes by calcination. Upon a repetition of this experiment 
with another ſpecumen of the dove marble lime, I found 
the reſult to be as accurately, as can be expected, the 
fame. If we make no allowance for any loſs of weight 
by repeated-weighings, then the increaſe of weight by ex- 
poſure to the air muſt be eſteemed” lefs than the loſs of 
weight by calcination, by about one four hundredth part 
of the weight'of the marble. 

Some dry chalk, weighing 120 grains, was reduced by 
calcination to 6$ grains of lime; this quantity of lime be- 
came, by expoſure to the air, bed ramen bs wt- 
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moſt increaſe of weight, 104 grains ; that is, it wanted 
16 parts in 120, or between one ſeventh and one eighth 
of the original weight of the chalk. 

The dove marble and the chalk are the two extremes of 
all the ſubſtances I have tried ; no kind of lime regained 
ſo much weight as that from dove marble, and none fo lit- 
tle as that from chalk. Phi may be well employ- 
ed in accounting for this diverſity; I am only intereſted 
at preſent in eſtabliſhing the fat, which ſeems not to have 
been ſufficiently underſtood by chemiſts of deſervedly great 
eminence. M. Macquer fays <* Quicklime combines with 
the moiſture of the air which it ſeems capable of attraQ- 
ing, by the moiſture thus attracted the weight of the 
quicklime is doubled 8.“ M. Baume weighed ſome 
lime very accurately, and though he kept it in a 
cellar for ſeveral years, yet it never regained the weight 
of the calcareous earth, from which it had been prepared, 


1 not queſtion the veracity of either of theſe gentle- 
men, or their accuracy in making theirexperiments ; but 
the properties of the particular limes which examined 
ſhould not have been given as charaQeriſtic properties of 
Iimes in general. No lime that I ever tried was doubled 
in weight by attracting matter (be it moiſture or other 
matter) from the air; yet if a limeſtone * 
a | | f „ W 


* Chem. Did. by M. Macquer, arte. | Quicklime in the 
Engliſh tranflation—the original of this work is excellent in its 
kind, and it is greatly improved by the yery judicious notes of 
the tranflator. In juſtice to M. Macquer it ought to be ob- 
ſerved, that in the ſecond Engliſh Edition of his Dictionary, 
the paſſage quoted in the text is greatly altered, there is no 
mention made of the =wiſfure of the air, and the quicklime is 
only {aid to recoyer = great part of its original weight, by e- 
poſure to the air. + + - » On » ien N : 


7 Chymic par M. Baume, Vol. I. p. 177 
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which is not impoſſible, that loſt half its weight by calci- 
nation, a ſpecimen of lime from ſuch a limeſtone might, 
ps, be doubled in its weight. On the other hand, 
I only met with one fort of lime, that from chalk, which 
in its increaſe ſeemed to fall ſo far ſhort of the original 
weight of the ſubſtance from which it was made, as to / 
want more than two ounces in a pound, or between one 
ſeventh and one eighth of the whole weight. My experi- 
ment, in this particular inſtance, ſufficiently coincides with | 
the too general obſervation of M. Baume. 
The chalk or clunch of this country is not a pure calca- 
reous earth, it contains a portion of ſand ; and hence, 
when a definite weight of this chalk lime is expoſed to the 
air, it cannot acquire as much increaſe of weight, as the 
ſame quantity of purer lime would do: for the ſand, 
which is mixed with the lime, is of a very different nature 
from the lime, and does not attract any thing from the 
air. This obſervation may be extended to different 
ſorts of limeſtone, and it may ſuggeſt one reaſon for the 
diverſity, in the ſtrength of different ſorts of lime, when 
_ uſed either in or in 
The table in which the increaſe of weight acquired by 
different ſorts of lime, in conſequence of their expoſure to 
the air, is expreſſed, was made with great accuracy; yet 
is it not to be confidered as univerſally true, even of the 
ſubſtances there mentioned : for there is great reaſon to 
believe, that the quantity of matter, which the ſame fort 
of lime can attract from the air, depends very much upon 
the degree of heat with which the lime has been burned; 
there is a certain definite degree of heat requifite to make 
the lime attract the greateſt poſſible quantity from the air. 
r bs clvieh de ele of the 
ſubſtance into lime, then that part which is not changed 
into lime, will not contribute any thing to the increaſe of 
the weight of the lime when expoſed to the air, inaſmuch 
2s it poſſeſſes no quality of attracting any thing from the 
air. And, I believe, the obſervation is equally ay, 
| W 
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when the heat has been mere than ſufficient to convert the 
whole of the ſubſtance into lime. It has been before men- 
tioned, that 6 different calcareous ſubſtances were changed 
into lime, by being expoſed to a very fierce fire for 24 
hours: this experiment was made in November, 17793 I 
have frequently weighed the limes ſince that time 3 they 
have all of them acquired their greateſt increaſe of weight; 
for on weighing them in January, 1781, Fiound that they 
had not gained any increaſe of weight in an interval of 
three months. The following table expreſſes, in the ad co- 
lumn, the increaſe of weight which a ton of theſe ſub- 
ſtances would have gained, and the third column expref- 
ſes the increaſe which a ton of the ſame ſuhſtances would 
—— — ——— the fame fire 
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Theſe experiments clearly prove the great utility of 
burning lime with a definite beat; for . the amend of 


lime, to whatever purpoſe it be applied, depends, proba- 
bly, upon its diſpoſition to attract that matter from the 
air, which it has loſt by calcination ; and we fee that 
none of the ſumes,. which were burned for 24 hours, at- 
tracted fo much from the air, as thoſe did which had 
been more ly burned ; the difference is very con- 
fiderable in all the inftances. Would not a greater de- 
gree of heat have fill further deprived lime of its property 
of attraQting matter from the air, and thus have made it 
approach nearer to the nature of glaſs? 22 
We have ſeen how ly calcareous ſubſtances are di- 
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any alteration of bulk during that operation? Having 
propoſed this queſtion to various hme-burners, in different 
parts of the kingdom, 1 found ſome were of opinion that 
the chalk or ſtone ſwelled a little, others that it ſhrunk a 
little during calcination, and a third ſet thought that it 
underwent no fort of alteration : the moſt obvious infe- 
rence from theſe different accounts ſeems to be, that 
calcareous ſubſtances tv in this particular differ from each 
other. 
I tvok a piete of blackiſh marble four inches in length, 
half an inch broad, and one quarter of an inch thick, 
and having placed it in a proper veſſel, and covered it 
with fand, . was expoſed to a very fierce fire for three 
hours; the marble thereby became perſectly white and fria- 
ble as calcined bones, but I could not obſerve that it had 
the lea chavge in any of its dimenſions. | 
Leut a'piece of chalk til it was an inch in length, half 
an inch in breadth, and as much in thickneſs; after it 
was calcined its dimenfions were not fenſibly altered- 
A piece of rhomboidal fpar from Derbyſhire, and a 
piece of white marble, were ſeverally meafared before and 
after calcination ;”” but no difference could be obſerved in 
the dimenſionz of cither of them. 
Thought. the length of a piece of Sienna marble, in 
one experiment, was dminiſhed about one fiftreth part by 
calcination, but T was probably mifftaken ; for in another 
piece, above two inches in length, I took, with a pair 
of compalſes, the diſtance between two points upon its 
ſurface before rafrination, and found that diſtance pre- 
ciſely the ſame after calcination. py wes 
1 * of Clithetor "limeſtone, bien dab bers eee 
bub, "appeared to be diminiſhed in length one 
ee another piece, which had been calcined 
ten hours, was unaltered- in length and thickneſs ; and 
ew voy abs; were al | 
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| ſes parties, pendant leur calcination, eſt quelque fois fi grande, 
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I took a piece of chalk, which had been dried by the 
fun and air, and having ſhaped it into a ſquare, each 
fide of which was four inches, the thickneſs being two 
inches, I put it into a lime kiln ; it was kept there as long 
as chalk which is burned into lime uſually is; when it 
came out of the kiln, I compared it with the ſtandards of 
its ſeveral dimenſions, which had been accurately taken 
before calcination, and could not diſcover that it had ſuf- 
fered the leaſt change either in length, breadth, or thick · 
neſs. This experiment was repeated with wet chalk ; but 
neither was this altered in its dimenſions by calcination. 
Laſtly, I took a flat piece of chalk, about one fourth of 
an inch in thickneſs, and calcined it for 24 hours; the 
length of this chalk was three inches, and it was dimi- 
niſhed by calcination one tenth of its length. 

The reader is poſſeſſed of all I know from my own 
experiments upon the ſubje&t; but I will not conceal 
from him the opinion of M. Baume, who eſteems the di- 
minution of the bulk of calcareous fubſtances during 
calcination, as one of their moſt diſtinguiſhing properties. 
He does not, indeed, mention any experiments which he 
had expreſsly made, with a view of deciding the queſ- 
tion: but I cannot ſuppoſe that ſo able a chemiſt would 
ſpeak from conjecture, when he affirms, that calcareous 
ſubſtances are ſometimes diminiſhed Half their bulk du- 

ring calcination ; and therefore I ſhould apprehend, 
rr re 
ent from any of theſe on which I made my experiments. 
Be this as it may, his concluſion is, if at at all, certainly 
not generally to be admitted. ty 

| The experiments, by which the nature of any particu- 
lar fort of earth is chemically W 
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ſa calcination, eſt ſa diminution de volume -a retraite de 


welle va juſqu d la t de leur volume. Chym. par M. 


Baume, Vol. I. v. 18a. 
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pally of two kinds; one conſiſts in obſerving its ſolubi- 
lity or inſolubility in different menſtruums; the other in 
noticing the changes produced in it by the action of va- 
rious degrees of heat. We may form a general idea of 
the operation of fire upon calcareous ſubſtances, from 
the experiments which have been before related. I did not 
ſpare either time or labour, nor was I ſenſible of any 
want of care in making them; yet I cannot help appre- 
hending, that a numerous repetition of fimilar experi- 
ments might lead to ſome general concluſions, which have 
eſcaped my obſervation. The following experiments can 
hardly fail of being acceptable to the reader, as they tend 
greatly to corroborate what has already been inferred, 
concerning the nature of calcareous carths. We have 
concluded, that twenty hundred weight, or a ton, of any 
calcareous ſubſtance, conſiſts of between eight and nine 
hundred weight of ſome matter or other, which is: diſſi- 
pated during calcination, and of between eleven and 
twelve hundred weight of earth, which cannot be diſſi- 
pated in that degree of heat. Now if it can be ſhewn, 
by a way wholly different from that of calcination, that a 
ton of any calcareous body does really conſiſt of about 
twelve hundred weight of earth, and of about eight hun- 
dred weight of a volatile ſubſtance, we cannot entertain 
any further doubt concerning. the proportion of the con- 
ſtituent parts of calcareous ſubſtances. - 

If the reader has not been accuſtomed to the making of 
chemical experiments, and yet ſhould be defirous of af- 
certaining, from his own obſervation, the truth of ſuch as 
I am going to mention, he may do it at a very caly rate: 
he need only procure, from his apothecary, a few ounces 
of the acid of ſea. ſalt and a Florence flaſk, and he will be 
furniſhed with the main part of the apparatus. 

I took a Florence flaſk, and poured into it a ſmall por- 
tion of the acid of ſea falt diluted; with water; the flaſk 
and its contents were then weighed- in a pair of ſcales, 
which turned with a quarter of a gtain, the weight was 
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noted down. I then dropped into the acid, by a very 
little at a time, twenty grams of a calcarcous ſubſtance, 
and ſtopping gently the top of the flaſk with my Ginger, 
till the whole was diſſolved, the flaſk was weighed again. 
Now it is obvious, that if nothing had eſcaped during the 


" folution; the weight of the flaſk and its contents, after 


the ſolution of the calcareous ſubſtance, would have ex- 
ceeded its weight before ſolution by 20 grams. There 
was, however, a very conſiderable loſs of weight, in all 
the ſubſtances which I tried. If, inſtead of 20 grains, a 
ton, or twenty hundred weight of each ſubſtance, 
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eight parts in twenty during their folutioa 3 Which is the zery 
proportion aſſigned by Dr. Black, in his moſt ingenious Eſſay, 

(din. EH. Vol. II. p. 104) for the loG ſuſtained by chalk. It 
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acid a quantity of the pureſt calcareous ſpar : the bottle 
1 24 che ſolution was ended. I then 
permmed” it to ſtand quiet for two hours, and at the ex- 


irati that time, bes inte it with a pair of bel- 
lows till the air became” raftelefs ; the bottle was then 
wei "and it 


ha hl wh pris. The "weight of 
" weight” of the tame quaptity of 

f the falk, immediately after 
the ſolution” er ie caltarevus” 


rr 
the truth. | OW 

The 'circumſlance of the weight of the flaſk being 
greater, immediately after the ſolution was finiſhed, than 
| was 
not neglected in making the experiments mentioned in 
the table t was. not, however, attended to with ſuch a 
ſcrupulous axafineſs as it ought to have been. I made 
thereſore, the four following experiments with the gad 
any low of the acid, andthe dd ve not weithed ll 20 
ours: aſter the ſolution was finiſhed ; in which time the 
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ſmell of a room newly plaſtered proceed from particles of 
matter emitted by the plaſter, or from the air of the room 
having undergone a detompolition, in conſcqueitce of the 
lime having abſorbed one of its component-parts? 
When any calcareous earth has been diſſolved in an acid, 
5+ has loft is airy and is much diminiſhed in weight : it 
as great a decompoſition as if it had been 


been diffolved in an acid, — — 
nir, it may be wholly reſtoreũ to the ſtate of a crude lime 
tone, by an almoſt mſtantancous proceſs. Suppuſe 20 
of marble to have been diffolved in a pro- 
per quantity of the acid of fea falt, then will theſe 20 
pennyweighes have loſt nine parts of their weight : the 
earth remaining in the acid will only weigh 11 penny- 
Salt of tartar, potaifh; and other fixed alka- 
hes, contain, in their crade ſtate, a great portion of fxe# 
air, of the ſame nature with that which conſtitutes nine 


alkalies, than to continue united with the earthy part of 
marble, or any other calkeareoes body... If chen, into the 
acid, in which 20 pennyweights of marble have been diſ- 


folved, and which really conſiſts ef the acid united with 
11 of entth, we poar 4 ſolution of ſalt of 


tartar, or pot-aſh, the acid will quit the earth of the mar- 
ble, and unitc itfelf with ont of the cbnſtituont parts of 
the Anni. The canth of the marble is by this means ſet 
81 liberty, and one of the conſlieuent parts of te \alkath 
francs, bs bor ane mos. * 6 rarer theſe two will 
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unite together, and by their union they will form an earth 
of the ſame” nature as crude limeſtone, the weight of 
which is found to be equal; te the original weight of the 
marble, or 20 pennyweights. * 
faithfully related, without any previous attachment to 
ſyſtem, it ſeems as if we might conclude, that pure cal- 
carcous ſubſtances are compolſe@ of 9 parts in 20 of a vo- 
latile ſubſtunce, which is diſperſed, not only during the 
calcination, but during the folution of the ſubſtances in 
an acid; and of rr parts in 20 of an carth which is ge- 
nerally known under the name of lime. Several authors 
of diſtinguiſhed reputation in Chemiſtry have thought, 
that water was an eflential conſtituent part of calcareous 
ſubſtances ; and from particular inſtances, they have en- 
deavoured to aſcertain its quantity in The ex- 
periments which I have made, do not tend to eſtabliſh this 
opinĩon Into a new glaſs retort I put two ounces f 
cryſtallized ſpar, and having fitted a clean receiver of 
flint glaſs to it, I expoſed it at firſt to a gentle fire, which 
was-increafed, by degrees, till it became ſtrong enough 
to melt the retort; during the whole of the operation I 
ſpar, the tranſpagency; of the receiver was not fp much 
as tamiſhed by a vapour. From this experiment I would, 
contain anz water, which ĩs ſoparahle from: it in a degree 
of heat ient to malt glaſs. I took an earthen. retort, 
and put into is fix. oαν af cryſtalizad. ſpars and. eu. 
poſed; the retort. ta 4. very ſtrong fire, till, the ſpar had 
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ſpar. I took 720 grains of Derbyſhice watricle, 
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triele), but I did not find any ſenſible portion of 
the receiver ; t was indeed clouded with a 
this vapour I think aroſe from the 
or of the ſubſtance uſed in faſtening the reeci 
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within” other parts 8 well as at "Bakewel} though tiot; 
. in ſuch large quantities - And Tepee the Hint 


of ofing calcined Chert, as a ſubſtute for calcined flint, 
may be of ſervice to thoſe who are better gtuntetl with re- 


1 r 
100 Say ee $6 FI 999 > 70 
es the flints" have been property” ealeined and 
e they art ſiſted in water till the Water is, as near 
as may be, of the ſaume teknefs as that in'whiich the day 
is ſuſpended; then the hquid clay and flints are mixed to- 
gether in various proportions, for various wares, and leſt 
to ſet ; the mixture is then dried in a"Kiln, 2 and being af. 
card en to a proper temper, "te besbales fit for be- 
mg formed at the wheef,” into diſhes, plates, bowls, Kc. 
Wben this ware is/tb be put into the furnace 1 t5'be baked," 
the fereral pieces of Tt are placed in cafes," "made of clay, 
called Teggars, Which are pifed one in tie 
de of the furnace 3. 4 Are is then lighted, and when the 
ware” is brought tos proper temper which happens in 
VERNE r glated by edition” ale "The — 
Ne dard 
1 8 1 


hrough 2 
mne in i fide 


* F E | ee 


vapour of 2 Tal, as ine Fr — 
from Holland, at feat it was introduced Front thence into 


5 e SEE 
extin * the 
ee e 3. 


CHEMICAL ESSAYS as 


ſmoke they apprehended to be a fire in the pottery whete- 
the Dutchmen were working ; but that their entrance was 
oppoſed by the proprietors of the pottery, who were un- 
willing that the cauſe of the ſmoke, which was the common 
ü.. . e 
3 ; 

- The Yellow or — — the fame ma: 
terials as the flint wire, but the proportion, in which the 
materials are mixed, is not the fame, nor is the- ware 
glazed in the fame” way. The flint wire is 
made of 4 meaſures of liquid flint, and of 18 of liquid 
clay z the yellow ware has a greater proportion of elay in 
it 3 in ſome manufactories they mix 20, and in me 


Pipe has received a kind of glaze by being mbbed, with: 
Wirt- r, and. tha ware 
— 


gon 
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it is far inforior to it in beauty. As bur h ware isfulpe- 
rior to the tone ware Here mnentiones, betatie it d make 
of materials, which, though of the ime kind, ate f 4 
finer quality, than thoſe which enter into the tion 
of ſtone ware; Tos it inferior to uf de forts of porexlane 
in whiteneſs, and tranſparenty ;- bæcuute powdered Hits, 
znd tobacco-pipe thy, ate neither of them fo white and 
pure us the days amd ts of whit all-yoreclahes Are 
made. to this teetion the only difference be. = 
tween poteetanes, ani many ſorts of vurthen ware, confifts 
inthe fineneſe #nd of the KYfeGients 5 and theſe 
enuſes joined to the different degrees ef heut empfayed in 
baking difertiit portetunes, are abundantly ſuſkeient te 
aetount for a the varieties obſervuble ih the grain, co- 


. of Unifent ' forty of 
ina. | Alt. > IT 4 A os NYT tf $173 8%. 


We ate told, chat the component parts of oriental porte 
lane, are (1) a fee deny ſtbftttice, reduced to 
an inpalpable powder, Nase. (2) An efrrbh undi 
ou clay, reduced to an impalpabe poder, alfo, Nas 
Theſe are thoroughly ihivzed, the fatter in as final 
portiom us pofflble, aud then moulded and baked. 74) A 
varniſh compoſed of the fineſt particits of a ſoapy eafth, 
diflived in water to che confilteace of @ cream, in which, 
hen dry, the pleees are dipped before they are baked #.” 
fufible in 4 (Yong degree of heat, wherews fAlmts art not 
fable in 4 Bite falieient for the baking of porcelane, un- 
| this property of "the Petwnſe probably” (gives to china; a 
dexret of trænſyerencey mot n sur flint ware; 
for the vitrifiabte Pre, when mixed with the unvierifs 
able clay, may communicate a degree of vitreouſneſs to 
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t- * : 4 42 f 55 17 N 1+ . * + © ew 4 
1 1 — 
97 GI neee. +W = ye! $ 4d > + $44 PÞ 
— 15 


* Campbe ir, . of be, vil N. 10. — 


233 CHEMICAL ESSAYS. 
The moorſtome or grenite, found in Cornwall, is thought 
to reſemble the Chineſe Petunſe; and the Seap-rock, which 
is plentifally met with at the Land's End, is eſtcemed 2 
ſpecies of Laab, and is much ſought after by the makers 
of porcelane. The granite is looked upon by mineralo- 
gilts as 2 vitrifiable fone ; at leaſt, as to the greateſt part 
of it , and there may, probably, be diſcovered other 
in Derbyſhire abound in two kinds of ſpar, which are 
very different from each other in figure (where the figure 
is diſcernible}; in weight; and in the change which they 
undergo from the ation of fire. The figure of one of 
the kinds of ſpar is that of a /ozenge or rhomb ; the figure 
of the other is that of a de or cube: a cubic foot of the 
rhombeidal ſpar weighs 2700 ounces ; a cube Dot of the 
cubical ſpar weighs 3219 ounces. The rhomboidal ſpar, in 
ing calcined in a ſtrong fire, loſes near 18 parts in 40 
| ts weight, and is changed into quick lime. The cu- 


— 
kind of ſpar but the cubical; whilſt others yield only the 
rhomboidal; and ſome yield both. Ive ſeen a narrow 


9 


is 


+4$ —\ xp au feu, it oy vitriie, à Pexception du ace, 
et du cement qui ſouffrent la meme violence du feu ſans en etre 
ee, Miner. pag M. Val. de Bomaze, Vel. L p,a7g. 
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is of the ſame quality as the cubical ſpar, with reſpe& 
to its fuſibility in the fire ; it loſes, moreover, its colour, 
and becomes white in a moderate heat : the weight of a 
cubic foot of the blueſt kind is 3180 ounces, and that of a 
Cubic foot of the leaſt blue is 3140 ounces. This ſub- 
Nance was firſt diſcovered, (or more properly ſpeaking, 
TR Agee te e I} hos 16 0k 
ago, at one of the oldeſt lead mines in Derbyſdire, called 
the Odin mine (probably from its being dedicated to Odin, 
the great God of the northern nations,) at the foot of 
a high mountain, called Mam Tor near Caftleton. Spars 
tinctured with the ameth;/? colour have been diſcovered in 
other mines; there is great plenty of what they call the 
tcbecilate coloured: fpar, in a mine at Critch (a few miles 
from Mathck) where I ſaw the laft year, a piece of vak, 
which had flood long in the water of that mine, tinged 
wi a deep purple colour; but the greateſt quantity of 
Blues Fobn is fil raiſed at Caftleton; the largeſt pieces are 
fold/for 9 pounds a ton, the middle-fized for 6 pounds, 
and the leaſt ſor fiſty ſhillings But to return to the 
oonſideration of portelane. * 
- Several European nations, in particular the Germans, 


this Bis,” the Bend, and the Fakes, have, fince 


the beginning of the preſent century, applied themſelves 
wich great induſtry and ingenuity, to the making of 
porbelane, and they have all of them arrived at great per- 
ſection in the art; though none of the European porce- 
lanes; | unleſs, perhaps, we except the Dreſden, can yet 
be ſaid to equal, both in ſtrength and beauty, the porce- 
lanes which are imported from Ching and Japan. The 
Dreſden, and the German porceleans in general, are as 
unvitrifiable' as the Aſiatic; whilſt © moſt of the others 
which are mate in Europe, may be vitrified by a longer 
continuation-of: the heat, in which they are baked. The 
being or the not being convertible - into glaſs in a ſtrong 
— aodphne emer = 

ſcyrs 
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dune! Gel thi yooTnchs of porctiane, bel being eficent- 
td the belt which is the leaſt fufible. Porcelane being ſel- 
N r than that of boil- 
ing water, it ſeems to be an odd mahod. of, judging of its 
worth, by inquiring whether it is capable of ſuſtaining, 
unalteretl in its form, a degree of heat fufficient to con 
many other fubſtanecs into glaſs ; but probably that 
Else and tough, and beſt capable of 
bearing the ſudden tranfitions from heat to cold, which.is 
baked with the Rrongelt heat; and, if this be true, then 
> 2 good reaſon for eſteeming that china to be the 
which is the moſt uafufible, inaſmuch as it has, pro- 
. F 
22 kinds could ſuppo rt. 2 
© There is ſcene reaſon, for thinking, — 


refſt the anarÞ apy — — em. 1 
have eſtimated the relative weights of 


i in this country,. and, indeed, 
„compared with ita price in Afia, 
muſt ever render the engaging in @;poreclane manuſa t- 
* 2 hazardous underigking, whilſt the iniportation:of 

porcelane is allowed. The bell mode of cncbu- 
raging the European manuldRbrics of povee lane, would 
be be the impoſition of a heavy duty on that which. is brought 
from. Aha. It is, I believe, generally acknowledged, 
that the grins rs. is fat more brittle thanithe fie ware 5 

relative weights of a — ISR 
E jd chin, „ 1 3 od nn 2 20 2} 
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1 
Flint ware 
Yellow ware ahh 
"Now ſuppoſing a plate of the common yellow or Queen's 
| for there are very different ſorts of it) to weigh 13 


ware has nearly the fame yreight 


tally 
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expoſure 
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falling into powder by the in | 
claſſed amongſt the marles:? and hence theſe two proper- 
ties, of Containing calcarcous earth, and of falling into 
powder when expoſed to the air, may be eſteemed cha- 
raderiftic of marles : and they are, perhaps, the cha- 


racteriſtics which ate moſt to be relied on; for as fo co- 
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Take an ounce of the propoſed marle, previouſly re- 


of. the calcareous 
3 * 
pit is often, very different in its properties: z foras pants of it 
— bc ome i 
be made no good ck. ns 


— id, oe 
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to 2 whitiſh brick. I took four ounces of this clay, tuviſt 
40 it was dug out of a pit, ten or twelve feet deep f by 
being dried on a hot fire-ſhovel till no more vapour ap- 
peared' to riſe from it, the weight was reduced” tb three 
ounces. ' Theſe three ounces, of fixty penn yweights, were 
put into a quantity of diluted acid of ſalt, an u more 
eſſer veſence was obſerved ; the mixture was filtered, and 
what remained upon the filter being dried, weighed 48 
pennyweights ; the quantity of calcareous earth amount- 
Nen cod Boy a Freie ger her emergent 
clay when dried. What remained upon the filter was waſti- 
ed in much water : I obtained u ſediment, amoumtimg to 
about one petinyweight'; But it was not 4 fatidy fedi- 
ment : it reſembled an-carthy falt, reſulting from am union 
of the acid of vitriol with cafcarcous earth, which is uſu- 
ally called San. There was allo ſeparated; by waſh- 
ing, a quantity of greyiſh earth, which vas chiefly iron. 

The moulds uſed in making bricks from this clay are 
ten inches in length, and five in breadth; andthe bricks, 
when burned, uſually meafure nine inches in length, and 
four and a half in breadth ; fo that the clity Hrinki about 
one inch in ten. But the degree of contractiom, which 
clays widergo in being burned” is very various, and it 
does not ſolely depend upon the purity of che clay f for I 
have been informed, by perſons in maki 
coarſe carthen ware from ſimple clay, that the fame clay, 
juſt dug out of the carth; and par into the fire, will con- 
tract leſs thaw when it has been ſome time to the 
influcnce of: the stmoſpbere: for  froft wake JESS: 

eee oe 
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The clay here ſpoken of, though it does not contain ſo 
much calcareous earth, 4a to bender it u proper manure 
for ſtiff, loamy ſoils, yet it might probably be uſed, with 
great advantage, on thoſe which are light and ſandy ; 
— it would contribute to keep the ground from 
being deprived of its moiſture, by the action of the fun and 
wind, during the beight of fummer. The quantity of 
moiſture which is imbibed by the leaves of vegetables from 
the atmoſphere, as well as that which is ſucked in by their 
roots, has a great dependence on the / moiſture of the 
ground on which. they grow oe hem the ground is dry, 
he dry alſo, and the v vegetables: which grow in that dry air 
will lack a part of that moiſture which is neceſſary io their 
well heing,; for whether moiffure. be itfelf the faod of vege- 
tables, or only the vebicle of food, * is indifpenſably ne- 

for the promotion of vegetation . 

© From. the... confideration. of marie we . paſs to that of 
alabofter, which. is ſeldom found. in beds, except in con- 
ere There is ſome confufion both in 
the philoſophical and in the common acceptation of the 
term alabaſter, L do not mean merely with reſpect to the co- 
lou and tranſparency of the ſubſtance, but with relation 
to ityconſtituent parts, This conſuſion may be greatly re- 
) ͤ of claſs. which ace 
es alabaſter ;. to which ſo any particular ſpecimen de- 
. 
445 wet feather, if an £ferncſcence enſues, the 
„it 1s: of the nature af marble, and 
3 if, no efferveſcexce. enſues, the 
„ 


11 * nat: wil * 282 S no 


——.——— 


CHEMICAL ESSAYS jj 
and very different from every fort of marble. This fub- 
ſtance 1s called in the north of England allplafter,- 5 
corruption probably of alabaifer, and it is alſs often 
ed by the Latin — gypſum, eſpecially by . the 
French.  Oyp/um was applied by the ancients to the, ver very 
ſame purpoſes to which it is applied by ue; they uſed it in 
architecture for the making of cielings, medallions, 
cornices ; and even the name of the perſon, who firſt i 
vented the method of taking off the i impre preffion of a man's 
face in gypſum, has been preſerved by Pliny b. 
| There are ſome forts of Abe. which Aer to widely 
in weight, both from the" fineff Kinds of plaſter-ſtone, 
of calcareous ſtone, that T'know not how” they can can pro- 

perly be confidered as being of the ſame nature with cither 
of them. Cen es che en Ont of 
alabaſter at 'r85 5 ounces $, and two ' other 'duthors ha 
repreſented it as weighing 18752'ounces . I have ried 
ſeveral ſpecimens of the "fineſt Derbyſhire plaſter-ſtone 
and find that à cubic foot ok it weighs, at 4 medium, 
2286 ounces ; 4 cubic foot of the Derbyſhire watricle, 
which is a fine calcareous ſtone, reſetnbling alabaſter in 
colour and tranſparency, r «roy 
Two ſubltarices when combined together in in different 
ways, or in different proportions, may conſtitute a great 
variety of bodies differing much from each other in exter- 
nal appearance, 'and ſomewhat, probably, in ' their in- 
ternal properties. We have an ĩnſtance of this in the com- 
bination of the acid of vitriol with calcarcous earth; for 
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poſed to the greateſt heat, are ſometimes melted, and they | 
acquire a yellowiſh caſt, and emit a ful 
exhalation, and are in both caſes thrown afide as uſeleſs. 
The flooring made from the ſtones, which are become 
fulphureous by calcination, is apt to riſe in bliſters ; this 
proceeds — the plaſter-ſtone having loſt a portion 
of the vitriolic acid, which enters into its compoſition, and 
being thereby changed into'a ſpecies of lime. They cal- 
cine the ſtone uſually at night, that they may be the 
better able to obſerve when it becomes red hot, in which 
ſtate they judge it to have received heat enough. Aﬀer 
calcination they reduce it to a powder, by threſhing it 
with flails, or grinding it in a mill; and when it is be- 
come of a due fineneſs, they mix it with a proper quan- 
tity of water, and ſpread it to the required thickneſs upon 
reeds, where it immediately concretes into a ſolid floor : 
„„ or the cads-Gens, "ll, when cal- 
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at Chelaſton ; it is, however, a very beautiful ſtone, Lord 
Scarſdale having gotten from thence thoſe ſuberb columns 
which. aden hie hall at Xedkffon. Theſe columns are 
made of different blocks, from 2 or 3, toGor 8 fect in 
height, which ate fo artfully cemented together, that they 
may be taken for one piece. The blocks are raiſed our 
of the quacry, by being fawn to the proper length on each 
fide, and to the depth requiſue for the thickneſs of the 
_ column, the block ſtill adhering, by its lower farface, to 
the quarry, is. broken off from thence, by being raiſed on 
each fide wah levers. It is afterwards rounded into the 
ſhed; hy being rubbed with various kinds of ſtones, then 
with emery, and laſt of all with putty. If che veins of 
the ſeparate. blocks which are to compoſe the ſhaft of an 
alabaſter column, of the kind we are fpeaking of, do not 
happerto ſuit cach other, in order to make the jundture 
leis diſcernible, and to give a greater appearance” of con- 


— 0: the- whole x M here and 


there: au oat of the ſeparate blocks, and others of a dif- 
ferent! colour inſerted, and cemented by a mixrure of ro- 
wrought than marble, and, when finely: poliſhed, look 
very well, yu, I apprehend; their poliſh muſt be injured 
by- eireumſtance which does not aſſect citherimarble or 
ahmen alchaffer: The atmiofphert is always much 
charged with humidity, vpon the breaking-up-of a froſt ; 
and, in other fates of the weather, ſo much water is diſ- 
charged from the air, thaa mathle, wainſcot, and other 
ſabſtangta en which: it: ſettles, are ſaid to ſweat. Now 
the- water which thus ſettles-on. a gypſcow alebefter column, 
will dive part of the fabſlance of the column 5: and as 
forme: parti of the alabaſter are more ſoluble than others, 
tel unifortnity of i forface will be injmed ; and the 
* 5 
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will, upon the evaporation of the water, either not ad- 
here at all to the column, or it will adhere in fuch a way, 
as to render the poliſh leſs gloſſy. But whether this ac: 
count of the matter be admitted or not, the fact, I be- 
lieve, of the poliſh of gypſeous alabaſter being injured by 
moaſt weather is not to be denied. The alabaſter columns 
in the Egyptian Hall at Holkam, were dug from the quar- 
rics in Staffordſhire ; and the late Lord Leiceffler was at 
the trouble of contriving means to keep them dry in moiſi 
weather, leſt their poliſh ſhould be impaired by the action 
of the moiſture. 

They znncally raiſe about 2000 tons of plaſter-ſfione 
at the pits near Newark, it is ſold on the ſpot at 5s. 6d. 
and at Gainſborough, at 8s. 6d. a ton, from whence it is 
ſent to London, and various places. | 

It having been ſaid, e 
knee refultingifrom an union of. the acid of vitiol with 
2 calcareous earth, the reader may expect ſome proof of 
you will obtain the ſame kind of ſalt, which would ariſc 
from uniting: the acid of vitriol with pat-aſh ; and thence 
we conclude, that the acid of vi/rio{ is one of the compo- 
nent parts of plaſter- tone: that calcareous earth is the 
other; | is evident from this confideration, that the earth, 
which remains after the acid of vitriol has been ſeparated 
from the-. plaſter-ſtone, — wid ack, and. oy 
be burned into lime. S 

KK comming aypſcons, alckaber, 
ich is an canthy ſalt refuking from an union of the 
acid of witrial with a calcareous earth; it may not be im- 
proper to add a word or two concerning alum, which is an 
carthy ſalt; compoſed of the arid of vitrial and an ar- 
gillaceous: earth. The acid of vitriol when united with 
any earth, may be ſeparated therefrom by a fixed alkali : 
and if we pour into a ſolution of alum any fixed alkali, 
the earth of alum will be precipitated, and we ſhall obtain 
decade ed + 
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combination of that alkali' with the acid of vittiol; and 
thence it isinferred, that the acid of vitriol is one of the 


component parts of alum: upon examining the earth, 
which is precipitated by the alkali, it will be wund to be 


pureſt clays in nature: and thence it is concluded that 
* an xillaroas earth is the other component part of alum. 


poured upon pipe-clay, does not ſeem to act upon it, yet 
if i de boiled with it, "2 Tolution of the clay in the acid 


— 
3 wy = 


Being one day . 
other, from a ſaucer” made of the Staffordſhire yellow 
ware, I was ſurpriſed to ſee a white fubſtance bubbling 
a crack in the ſoucer : upon — hnb bn mb 
to be 4 falt; I colleQd” a ſufficient quantity of it, and 
when it vs diſſolved and cryſtallized, it appeared to be 
2 alum. The fire was a very bot one, and it 
was made of coal cinders ; the ſaucer was placed on the 
bar of the grate, and the alum, I conceive, was formed 
from the fulpbureous acid of the cinders itſelf with 
the clay, which enters into the compoſition of yellow ware. 
I have been informed by a very intelligent perſon that the 
vapour which, in ſome places, eſcapes ſrom the coal-pits 
which are on fire in Staffordſhire, forms an alum where- 
ever it meets with argillaceous earth. This” is very cons 
— —— — 
near Naples; where they place little heaps of  argillaceour 
earths, br ſtones, over the creviees from which the ſul» 
phureous vapour iſſues, 'm order —— — 

greater quantiy of aum 75 
. eile Eogland we make desu, lese black ben r- 
ſtance, — — og ä ap ag 
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imo a ſtony conſiſtence, and ſo much impregnated with 
bitumen, that it burns ſomewhat. like coal. We have 
ſeen, that coal emits, when, it is in the the ſtate of a red 
hot cinder, a ſulphureous acid: "many other bitumens, 
probably, in the ſame ſtate, emit the ſame acid,. and the 
acid which. is emitted from ſhale, during its calcination, 
uniting itſelf to the argillaceous earth of the ſhale, . forms 
alum. About 120 tons of calcined ſhale, will make one 
ton of alum. The ſhale, after being calcined, is ſteeped 
in water, by which means the alum, which is formed 
during the calcination of the ſhale, is diſſolved; this dif- 
ſolved alum undergoes various operations, before it is 
works, and, I believe, the only ones which now ſubſiſt in 
the kingdom, are at Whitby; a few years ago there were 
ſome in Lancaſhire, and alum. might be made in many 
other parts; but Whitby is ſo conveniently fituated for 
coal and water carriage, that alum can be there afforded 
at 2 cheaper rate, than in moſt other places, and it coſts 
es": Satan | 


% 


— —- 
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ors 
them into an carthen retort, diſtilled them with 'a fire 
gradually augmented till nothing more could be obtained 
from them. During the diſtillation, there was 
occafion to give vent to an .claftic vapour, which would 
Sr 
R 

and 
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and of che refiduum remaining in the retort, after the 


fort of the pi-coal found at Halt, in Germany. He uſed 
_ only 48 ounces in his analyſis ; but T have expreſſed the | 


14 


ev! 
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Weight of Alis pit coal diſtilled - - 96 Ounces 


— 


4 ; aid Wo 104+ 
Weyghe of ether — - © Ounces 
96 
M. Sage, of the Academy of Scienses at Paris, fays, 


that he has diſtilled various ſpecimens of pit-coal taken 
from different places, and that they yielded two 
ounces of liquid, from 16 ounces of coal ®, that is 12 
ounces from 96; which is the ſame proportion #s in the 
analyſis of the Newcaſtle and Halle pit-coal. He does not 
mention the weights of the refiduums, ſo that the loſſes 
of weight, in his diftillations, cannot be aſcertained. 

© Theſe ſeveral analyſes ' correſpond ſo nearly, with 
forts of coal, that they very much confirm one another; and 
. make it probable, that we ſhall not be far from the truth 
part of its weight of liquid. '—_ | 

With reſpe@ to the nature of the liquid, it may be ob- 
ſerved, that when poured out of the receiver, it is ſeen 


to conlilf of three different ſubſtances; (1) The middle 


part is an cid watry fluid, of a reddiſh colour, it ſeems 
as if it way loaded with oil, and it ſmells of volatile alkali; 
(2) On the ſurface of this watery fluid there floats a ſmall | 
portion. of ou,” more or leſs liquid and tranſparent, ac- 
cording as the heat uſed in conducting the diſtillation has 
been leſs or greater; (3) At the bottom there is found a 
black U Tenacious oul, very much reſembling tar. The 
two oils t5gEther amounted in the diſtillation of the New- 
caſtle coal to four ounces or one third of the weight of the 
whole, guid; in the analyſs of the Halle and Alias 
2 1 

Elements de Mingralogit.:- & Paris, 1778, tome prem. 
p. 94+ | 
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coals, as well as in the experiments of M. Sage, the two 
different forts of oils were obſervable 3 but they bore a 
greater proportion to the whole of the liquid, _ 
Newcaſtle coal, amounting to one half of the weight of 
the liquid. This difference makes me ſuſpect that I com- 
mitted ſome error, in eſtimating the quantity of oil ob- 
tained from the diſtillation of Newcaſtle coal. It is pro- 
bable, however, that the quantity of oil, ſeparable from 
the ſame kind of coal, may be influenced; in ſome de- 
gree, by the manner of performing the operation ; and 
there is, moreover, ſome reaſon to believe, that in. diſſe- 
rent kinds of coal the quantities of oil may be very va- 
rious; as we obſerve them to differ from each other both 
in their proneneſs to catch fire, and in their ability to ſup- 
port. it : though it muſt be owned, that. both theſe effects 
may as conſiſtently be explained, from the difference of 
the manner in which the oil may be combined with the 
other principles of the coal, as rom the difference of it 

3 with reſpe& to the quantity of 
liquid obtained by the ſeveral diſtillations of Engliſh, Ger- 
man, and French pit-coal, would induce one to ſuppoſe 
great accuracy ; but the great diſparity, as to the quan- 


tity of the refidues remaining after the extraction of the. 
liquid, ſeems to indicate the 


I 


contrary ; for it js greater, 
than can be accounted for from the different 


apprehend, 

natures of the coals. The German and French analyſis 
corroborate each other, and the reader may thence rea- 
ſonably be diſpoſed to queſtion the truth of zine. He will 
permit me, however, to produce a teſlimony in its ſup- | 
rer 
on, .as I was not aware of it when the, was 
made. 
Dr. Hales e, re 
obtained 31 grains of air. From 96 ounces he would ac- 
a 03 .z Vegetab. Stat. 2d e. . 


„ 


CHEMICAL ESSAYS 27 
cording to the ſame proportion haye obtained 30 ounces 
of ait ; now the difference between 28 ounces of ſome fort 
of matter or other which was loft during my diftfiation of 
96 ounces of coal, and 30 bunces of air, which 
have been obtained from the ſame quantity ef coal by Dr. 
Haley” method, is ſo ſmall, that it 
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more oil than fallow did. That part of the oil which is 
fiſt ſeparated from the wood -is fo light as to float upon 
water; and of a yellowiſh colour ; its quantity, however, 
Is but ſmall, compared with that of the thick, black, 
heavy oil, which follows it. It appears from this account, 
_ that the quality of the liquid ſepatable from wood by dif- 
tillation, is wholly the ſame with that of the liquid fepa- 


ble from pit-coal by the ſame mes 1 « 
lation of both 


begin to be ſeparated 
of the two ails-be- 
Sins to appear ; it then ruſhes out with great violence, 
Th unleſs a proper vent be given to it, the flrongeſt vel- 

will be burſt by it. 2 2 g 22 2 1 23” 
cal leQures which I read in the univerfty of Cambridge, 
in the year 1767, I remarked to the audience, that the 
flammable; not only at its firſt. cxit from the diſtilling veſ- 


ter; but Sehn reps 
the air in bladders, I 


| * -> Ty p : GJ oo Se © * 
Se "iy 10 gw An! 202 E 529 — = burning 
em | 2 
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bornidg of wood, coal, paper, 
combuſtible bodies, is attributed Ap Mg Se — 
ſe parated from the body by the heat, and inflamed by 
contact of the fire, Auen 16 barn us long as the body 
continnea rated « proper ſupply of it. - Iiflaniniable air, 
e e 
* 
fila or food of fire. * 


Mate is mat the ouy nc9ts of ſeparating /nfanimes 
ble air from vegetable and animal ſubſtances; it is found to 


— NEUN = 


to putrefaction. An inflammable air has been obſerved 
alſo in-ſwampy ground, in cellars, and in privies. There 
— N. 2 
| of dead perſons, which took fire on the approach 
of a candle ® the matter producing that vapour could 
not, probably, become purrkd — to 
| ive ß for Van Helmont has remarked, that the air dic. 
dwg © RY de ll is not inflamma- 

51 that it becomes ſo in the lower - inteſtines 4. 
From heart of oak moderately dried Dr. Hales got one 
third pf the weight of the” tak of the air here ſpoken of 

proportion ſuſſicientiy agrees with the quantity which 
e et ax. 
788 rer * ob 842 * A cubis 


„i e Tam, m. e 
5 r 2 
— Ha 2 A. 

„ 
ſus, pes Bamam candelz tranſrolando accenditur, ac flam- 
LT inſtar exprimit. Ven Helmont, 


4 
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A cubic foot of dry bax weed weighs, n 
Cotes table of ſpecific gravities, ; 1030 , ounges z thence, 
ſuppoſing that g6 ounces of ſuch word had only given. 61 
aunces of [i it may appcar, by an caſy calculation, 
that a cubic of dry box-wood contains above 5, gations 
of liquid ; ſuppoſing the liquid to be no haavier than wa- 
ter 5 and if we admit the oil and che acid, when concen- 
tered, to amount to two quarts, the other 18 quazts may 
be looked upon as pure water; nay, the quantity of wa- 
be >, oe eye 1 the whole 

water. We 
„. nn 
brock, 585 ounces ; and fuppoſing that 96 ounces of ſuch 
wood would yicld by diftillation 48 ounces of liquid, then 
a Cubic foot would contain abont 3 quarts of liquid, which 
is not halſ ſo mueh as an, equiab buſt of bon · wood contains. 
I the matter in the ſt» different lights, in order to 
excite thoſe. who baye leiſure to make fimilar inquiries ; for 
it is undoubtedly à very wonderful. thing, that fuch large 
quantities of mater and ary | ſhouſd be combined wih the 
3 re- 


abundant in air and watey > hbahe div gouratel by the 
proceſs of diſtillation, or only aiſcagagadfrom the wood, in- 
to the op of whiek it hab entered, rogrrher with 
water, by wgetation Hare u. e ſopa- 


rable fim different woods h diſtillation, the ſame ſpecific 


_ gravity, and the fame degree of mnflammability ? Or is 
2 by the nature uf the 5 con- 


kaided d the wed? ib walt l 
no ty * Die ThE e 


| 8 er . matter, 


No. 
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matter can be annibilatcd, | what becomes of the in- 
flamazable air,.- after it Had been inflamed? is it c. 
duced to an unclaſtie abi or des u Hill exiſt under 
the form . of zn uniafiammable  glattic fluid? whence 
is it that no air begins to ha difflidled, til the moſt volatile 
part of the oil begins.te- be] ſeparated from the wood 2 
Fraxinel/s is a very odorons: plants when in full blofſom, 
the air which ſurrounds. it in a fill night, may be inflamed 
by the approach-of « lighted patdles does this inflamma- 
bility proceed from an inflammable air, which. is exhaled 

plant, or from: ſome of the finer particles af the off 


. ee 
ſiſtenecs, and ſpecific grawitics Þ Does this ep 

pend upon the loſs of the air, or upon the quentity the 
with, the oils 2 Antal od wide cf di 


ant weeds u d of: che fame fort, und i be pv | 
| to — apes, 1 a, +" hm 
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The refidue remaining in the retort, after the diſtilla- 
tion of the wood, is a perſect charcoal, and that which 
remains aſter the diſtillation of pit-coal, is a light ſpungy 
maſs, in appearance, and indeed, in quality, reſembling 
a ſubſtance prepared from pit-coal, as an article of trade, 
and which is wually called coat or cinder. 

At Neweafile 24 barrows of coals produce generally but 
18 barrows of einders 3 and the price of a buſhel, or of 
any other meaſure of cinders, is commonly one third 
more than the price of the ſame meaſure of coals'®. At 
Cambridge, on the contrary, where great quantities of 
cinders are prepared for the drying of malt in the town 
and neighbouring villages, the price of cinders and of 


coals is the ſame. From this circumſtance it- might pro- 
bably be inferred, that the coal was increaſed-in bulk by 
being converted into cinder, - otherwiſe the merchant 


one inſtanee 30 buſhels'of "coal gave 39 i 

ders, and in another aß buſhels of coal: gave 36 buſhels 
of einder 'The' e of ciniters being ae by 
r 
lumps than the coals; and the real quantity, eſtimated 
by weights, depends greatly upon the degree of heat to 
which the cinder has been expoſed. I take the difference 
in the bulks of the Newedllle- and Camb cinder, 
procurable from an equal quantity of evals, to proceed 
from the different degrees of beat to which they are ex- 
poſed ; the e coal ovens- being drawn once in 
24 hous, and thoſe at Newcaſtle only once in 48 hours, 
or t ys 

In order to ſee what eſſect a longer continuation of fire 
would have upon the ordinary Cambridge cinder, I took a 


Jorge pieces 3 N e e 
inta 


r 2» Vay. Metal. par M. Jars. _ 
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into the middle of a fierce cinder fire, employed in the 
Arying of malt. This part became red hot in leſs than 
ten minutes: after it had continued in that fituation for 
above: two hours, I took it out, and, when it was cold, I 
ſoundl it conſiderably waſted in bulk; but it appeared to 
de harder and blacker than the other part of the fame 
| Dr for I 

ſound that a cubic foot of the 
1099 ounces, and a cubie foot of that w 
poſed to the fire ſor two hours, N ounces. 
This inder was, probably, as much changed in the ſpace 
of two hours, by the ſtrong draught of the fire in which 
it was put, as it would have been by a much longer con- 
tinnance in the , coak oven, where the draught of air is 
very little. And from this experiment it may be inferred, 
that the quantity of cinders from à definite 
quantity of coals, depends very much upon the ſtrength 
and continuance of; the ſire ; ſince the cinder, after it is 
mnuaiice in the oven, but the part which remains is ren- 
dered more denſe, and upon both accounts, the quantity, 
eſtimated by meaſure; is leſſened. This obſervation may 
be of uſe to thoſe: who art employed in preparing cinder 
ſor ſale; and „ e eee 
cinder. procured the ſame quantity of coal is very va- 
tiahle. When the aperation has been longer, or the heat 
gredter than uſual, inſtead oſ gaining ſix or eight buſhels 
e 
to get even 30 buſhels of cinder. 

r ee ite 
ores, and in manufacturiag it into har ĩton, is ſo very 
confiderable, and the price. of charcoal, ſrom the great 
ſcarcit y of; underwood in this kingdom, is ſo great, that 
many attempts have heen made to ſubilitute in this buſi- 
neſs charred pit - coal in the room of charcoal. Theſe at- 
tempts have in part ſucceeded, and iron is now very ge- 


nerally 


— - 
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nerally extracted from its ore by fires made with coat. 
Bat the iron thus procured is very fragile and coarſe, and 
cannot, without great difficulty, be rendered as malleable 
as that which is fluzed with charcoal. It may anſwer 
a_—_e" for : caſting ; but it cannot be made into 
good bar irom hy aivy art hitherto-known. Hence it be- 
came an objeſt worthy the contemplation of the ſociety 
for the encburagement of arts, manufatures, and c- 
merer, to propaſe' premiums for the making pig iron, and 
conventirix pig} won into bar ion with-goak. ' The pigs 
and bars wei: required to be as good as theſe made with 
chareoal ; but the premiume, though propoſed from 1762 
to 1766, wee never claimed d. "Thoſe who. are inter- 
eſted in iron works, have motives,” more provalent than 
the focicty's premiutns, to induce them to perfeQ; the art 
of (melting by means: of charred pu -coal ; and it may not 
be not an 'uſcteſy hint to them de try the effeft of coal, 
which has undergone diſſorent dugroes of beat. I ordered = 
5 ton of oda th be put into u wak 'oven,. and when t 
was in 1he-uſuat way converted inta a cinder, I found. 
that ir weights xx handed weight! Had: it flaid logger 
in the oven it would have been redaved furthers: wand it 
may deſerve to bo inquired, whether” there is nt a defi 
r 

be reduced, in eds to produce pollible coat” for 
the flaxing ef kon ore. es lis ahonl's ſaid t 
boſe half of its weight by being reduced/to coak 3 "whit 
another ſom of chu loſt only 49 parts in 109, This di- 
verfity may depend partly cas the-nature- of the coal, but 
principally": eonotive, 2 
of tho fire uſtd ia the e i ak. 
„ What thall Ley further di couls, — ORE OR 
of one Berber, in King Charles 'the Sccond's time, who 


ne 992 them i dup 1 think 
"+469 2 1 5867 ml 12 Ne BI his 
34 Won 2 _ T ; eBI332IC 3s ov at rs! 

. Memoirs of Val. I. p. 220. 


+ Inftruc. fur FUſage de la Houille, p. 81. 
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tar, here mentioned, might be applied, with a few altera- 
tions, to the obtaining the thick oil of - coals. ; There 
would, in this plan; be no loſs of fuel z the coal contained 
in the inner oven would be converted into one of the, moſt 
valuable kinds of cak, and the fire between the ovens. 
would afford a cinder as good as the common 'cindes; |. - 
In the bilhopric:of Liege the coal is diftilled in a kind of 
fill-compoſed; of two large. caſt-jrom.. pots. In England 
the coal ts put into ovens, which, are heated. by fires 
Ighted under their bottoma, and the liquid, matter, is 
forced through an iron pipe inſerted; into the top of; the 
oven, and which communicates - with proper 
veſſels. As the pitchy; oil is very heavy, the diflillation; 


7 would kamiſh aunces, ar. the leaſt, . 
might be obtained: but if we put the 
“ 


22 2 fs - a, - 79 
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goak oven to work off only 100 tons of coal in a year, 
there would be a ſaving of five tons of oil, which-would 
yield above four tons of tar.. The alteration m 
the ſtructure of the coak ovens, ſo as to make them a 


een a 


expetice. 

It has been u obſerved, that. md and FO 
wholly reſemble each other in the products which they 
yield by diſtillation : and as the. oil from pit-coal is found 
to anſwer the purpoſe of tar, it might ſurely be a matter 
worthy the conſideration of thoſe who are engaged in the 
burning of wood into charcoal, to contrive means which 
might eaſily be done, of wing; all-the cot whack ns fepe- 
— TY ri. yn Dacia 
The acid liquor which is procured from-pit-coal, when 
i is diſtilled for tar, is at preſent thrown away, eo 


vegetable 3 and there is reaſon tathink, that the arid -of the 
vegetable. contributes, in ſome: way or other, towards its 
production: ins emer an Bagger read, by be- 


u 
272 


making of Kant alkali in Great Basin, 8 
| it. national concern, that the commercial 
me, if I give another hint or two upon 
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would they not, if ſuſſered to turn four, yield more profig 
by being calcined ſor pot-aſn? The brewery hops, which 
are wmpregnated- wich the ſweet wort, would probably turn 
ſour, and as they arc thrown away as uſeleſs, might it not 
be adviſcable to ſee. whether they would not yield pot-afh 
by calcination ? The lees and refuſe from the making of 
vinegar, might be tried for the ſame purpoſe 3 and: fo 
might all the water which is impregnated with the waſh» 
mags of the: floors, veſlels, &e. in which any vegetable 
liquor is fermented, either into ale or vinegar. ; I remem- 
horſe's urine, with a view of ſecing whether it would yield 
by eryſtalliaation the ſame kind of phoſoboric ſalt, which may 
de obtained from human urine ; I could not procure any ſalt 
ef that kind from-n; but; when it was cvaporated to dry- 
nels, it yielded, even without calcination, a great deal of fi- 
ed abi. "The ucinc of animals, which foed upon vegeta- 
Nes, aries from the quices of the vegetables, which have 
been changed in ſome degree by the organs of digeſtion ; 
may not a ſimilar chawge'take place by putreſagion ? and 
may not the putrefaſtion'sf vegetable juices be increaſed, 


by « {mail admixture of» common ſalt? and would not 
the 


of alkali y increaſed F' Ts it not poſ- 
fble to comes felt, by mixing it with vegeta- 
des im a Rate of ade acid of falt could 
by any cheap means de ſeparated from its alkaline baſis, it 
would. | be the intereſt of to ex- 
cunpt ſrona the ſalt duty af oeh rock or fea faſt as ſhould be 
converted into a fed al; for by that means, all the 


* _ firs ed aps ; 
en alk de coal-pits it England, ſhould ſoon ex- 
based. The of coaf which is annually raiſed, 
Þ cextinly very giearz and as coal is not found to grow 


: 
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again, the time muſt come, when it will all be conſamed. 
That æra, however, is certainly at a great diſtance; ines 
in thoſe countries where coal is found, they are conſtantly 
opening freſh pits, and may, for centuries to come, con- 
tinue to open more; and coal may, probably, be difſeo- 
vered in many countries, where none is at pro- 
ſent. It will enable the reader to form ſome notion of 
the great excavations, which are annually made in this 
iſland from the of coal, if we calculate the ex- 
tent of that which is made in one year, in conſcquence of 
the coal which is imported inte London. The follow- 
ing account may be on. 

Am account of cus imported int the por of London, 
in ten years, ending at Chriſtmas 1779. ä 


— Chriftmas 17970 + = - - - Ins 
1771 * 44-902 

1772 2 * 725, 
1773 - 624,8 
1774 - - 623,727 
177 - 5672, 786 
. 
„ — 697.35 
* 2 9 
895 


— kept at the Cuſtora-Houſe, ditinguiſh- 
ing the i from Newcaſtle, Sunderland, Blythe, 
Hartlepool, &c. or from the ſeveral parts in Scotland and 
Wales, the Crown revenue not being affected thereby. 
The duty is 8. per chalder of 36 Wincheſter buſhels, 
en alt coals fold by meaſure, and 68. 4d. per ton on ſuch 
as are fold by weight. It appears fron the preceding ac- 
count, that in the year 1777, there were imported into 
— wore 4h tpn and we leurn from 
cherte | : 
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ported from Newcaſtle and Sunderland alone 692,0934 
ehaldersz by comparing theſe numbers, we may obſerve 
how ſmall 2 Portion of the coal conſumed in London, is 

brought from any other quarter. | | 
A chalder of coals, Newcaſtle meaſure, is allowed by 
AR of Parliament + to-weigh 53 hundred weight : and as 
8 Newcaſtle chalders are cqual to 15 London chalders, 
reckoning 36 Wincheſter buſhels to the London chalder, 
it follows, that a chalder of coals, London meaſure, is 
equal to a little more than 28 hundred weight. But ſup- 
peaking 28 hundred weight to be the weight of a London 
chalder, then as the medium of coal annually. 
imported into London is 658,853 chalders, it may be 


— that there are annually imported 922, 394 


. the rltve eight of « 
few different ſorts of coals. 


Wege a cubic foot of 


Welſh coal 2 1396 Ounces avoir 
Yorkſhire ſtonecoal 1307 
Lancaſhire cannel- coal 1273 —— 
Newcaſtle upon Tyne - T1271 — 

Coal de Graff - - 131 — 

Coal des Carmaux > 173 — 

Coal d' Alais - - 1500 — 


The Welſh coal was of that kind which 83 
out giving any nme e 
Sint ing 
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* Phileſ. Tranſ. No. 169 

t The weights f n an ed 
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_ drying of malt. The Yorkſhire ftone-coal was taken 
from a pit near Wakefield, and is part of the ſtratum, 
which lies at the bottom of the black coal. The cannel- 
coal was from Wigan in Lancaſhire : this coal is com- 
monly uſed by the country people to work by in winter 
nights, inſtead of candles, and its name has been pro- 
dialed of the northern counties,  cannels. | 

. The Newcaſtle coal was of a kind which is much 
eſteemed at Cambridge, and which is called Ol Ducks. 
The medium weight of a cubic foot of theſe ſeveral coals 
being 1336 avoirdupois ounces, a cubic yard or 27 cubic 
feet of coal, will weigh 22544 avoirdupois pounds; thers 
are 2240 ſuch pounds in a ton, hence we may ſay in ge» 
neral, that a cubic yard of pit-coal weighs a ton; ſome 
ſorts of coal weigh a few pounds more, and other, a few 
pounds lefs than a.ton. From what has been before obs 
ſerved concerning the quantity of coal annually imported 


ns cyirons, when dilkant periods of time are compared 
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This medium tides not give quite 25 hundred weight to 
2 chalder. I found, by weighing coals at another ware- 
houſe" in Cambridge, that 30 buſhels made a ton, which 
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n The bitu- 

y taken notice of by writers on Natural 
Hiſtory are, with reſpe& to their confiſtence, either as 
fluid as oil, or as thick and tenacious as tar, or quite fo- 
lid. The fluid bitumens are two, Napeba and Petroleum, 
or rock-vil. © Theſe are oils which differ from each other 


tributed to its containing a greater quantity of acid in its 
compolition. Both theſe vile are found in many parts of 
the globe, either  floathig' on Ipring water, or dripping 
from the crevices of rocks. . 


e "the EIN 
in building the walls of that” city. "Arp 


— ones where Sodom and Go- 

ben ok tot or the lake 
— — r bitumen. This 
lake, in the time of Eſdras, yielded bi 


what I did e S und Gemarrebs abuſe land _lieth in 
chu of piteh . The floating upon the ſurſace 

of the ak water; is condenſed bythe; hens. gf, the fun, into 
© ict form, and is gathered}. by the Arahs.om the ſhore. 
alben Rn. ſag} to be. the. bs lubſtance. 


7 219/62 18239 l to ho, is Hg 2niizii; M5 


— | ®* Ed. b. fl. c. K. f 


CHEMICAL ESSAYS 275 
which the Egyptians uſed in embalming their mummies, 
and it was called by them mumia mineralis 3. This bitu- 
men has been found in many places of Afia and 
as well as on the ſhores of the Dead Seca. All that we 
meet with in the ſhops is either an artificial 
Mlb vs 494 aſphaltum 


Thee i. » very. carlos. expiriment, which illuſtrates 
the relation which theſe four bitumens bear to each other. 
The moſt tranſparent oil of turpentine, reſembling nap- 
tha, may be changed into an oil reſembling petroleum, by 
of the acid of vitriol : with 

2 larger proportion of the acid the mixture becomes 
black and tenacious, like Barbadoes tar; and the propor- 
tions of the ingredients may be ſo adjuſted, that the mix · 
e eee 2 
experiment teaches us to 
um, Barbadoes tar, and 
each other, with reſpect to the quantity of 
ß Re Eh 
by diſtilling pitcoal, or refinous vegetables, may furniſh 
no improbable conjeQure coneeraing the origin of theſe 

"Let us. foppoſe, then, 4 fubterrancous fire to be ftu- 
ated in or near a ſtratum of pitcoal, of turf, of foffil wood, 
n 
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differ chiefly from 


acid which 
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oils not being miſcible with water, would be found float- 
ing upon its furface, as it iſſued ont of the bowels of the 
earth, and being very inſlammable, might conffitute born- 
ing wells, ſuch as have been met with edt Wigan, at 
Broſely, and in many other places: ot whete the oil did 
not meet with water, or was too F to float on it, we 
may conceive that i& woul# — us ſtrata 


grate the | 
of ſeveral kinds of flones and eafth. Ir has been ob- 


ſerved, in another place 4, 1 « 
fort of tar from a fone at Broſely z and the ſtratum, which 
is called al in Derbyſhire, is fo ſtrongly impregnated 
with'oil, that it will burn of iffelf, when ſet on fire. The 
workmen, in digging thradgh the ſtone which is in- 
eumdent on the ſhale, ſometimes meet with tavities con- 
taining 2 thick black o, ö 
furrounding ftonc. e ol eG 
raneous paſſages, which ever been 

in Great Britain, 5 N len Heile fog: TH 
Derbyſhire. "his Woch is driven through g Int 
ſhale, and the workmen aps de hoch With e- 
mable air, which x into the ſough, 2 
— crannies whi ; 3 
water. 


to the action of à fire, 
— he rect ik 
Trrfible effect. 
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In the ducky of Modena, in Italy, there is a reniark- 
able rock, which confirms very much the notion of oils 
and pitchy ſubſtances being ſeparated from haumens, by 2 
kind of fabterrancous diſtillation. The inhabitants of the 
diſtrict, by picecing the fides of this rock, at different 
diſtances from its ſummit, obtain oils of different natures, 
thickening and growing heavier, and deeper colouted, as 
the canals through which they flow approach to the fur- 
face of the earth; at the diſtance of a few feet below the 
ſurface, they find a very thick oil, which, in digging 
deeper, becomes ſoft us butter ; and at ſtill a greater depeh, 
4 : 

Befides petra and a/phaltam; there art three other ſolid 
— deferve to. be mentioned—Feb—Anber— 
Anbergris. Jet ſo much teſembles cannel-cnal in its cu - 
lour, in its hardneſs, in its recewing a poliſh, in its nos 
ſoiling the fingers when rubbed upon i, and in other pro- 
together ; and indeed thæy agree in fo many qualitias, that 
it is ſomewhat dculi to ſay in what they difagree. Jet, 
however, when warmed by frictiom, has the property of 
attraQing bits of raw, feathers, and other light bodies; 
but I never obſerved this property im any of the. cannel- 
coals which I have tried. Fhw propetty, if it may; gene» 
rally be refied on, as appertaiming ws jet, anc nbt to cam- 
nel-coal, is a very caſy charadleriſtie, by which theſe ſub- 
ſtances may be diſtinguiſhed: from. each. other. Jet is 
ſaid to dir found only in mall detached picces, and 
that it is thereby diſtinguiſhable ſeom cannel coal, which 
is found in large beds. Som think chat the woody, fi+ 
brous tiſſue of jet, may ſcrve todiſtinguiſh it from' cannel- 
coat; but wheever cxamines. large quantities of this kind 
of coal, wilt: ſer many pieces which much reſernble wood 
in texture.” 'Theweight of æ cubic: foot bf canne[-cval is 
„K ————S ö 
23 * Thy, Til 

T 3 
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| The natural hiſtory of Aber is very obſcure. This 
bitumen was for a long time thought to be reſtricted to the 
coaſts of Pruſſia, on the Baltic ſea. It was ſuppoſed to 
owe its origin to the exudations. of certain trees on the 
coaſts of Sweden, which falling into the fea, were there 
hardened by the continuaf action of the ſalts, and thence 
carried by patticular winds to the open coaſts of Pruſſia. 
This opinion was ſupported by, and formed to account 
for, the ants, flies, ſpiders, leaves of trees, and other ter- 
reſtrial matters, py e 10 hr ery 
pieces of amber, and which, no doubt, muſt be admitted, 
as proving its being originally in a fluid ſtate. In Pruffia 
they not only gather amber on the ſea coaſt,” but they fre- 
quently find it at the depth of eight or ten feat beneath 
the ſurface of the carth, but at no great diſtance from 


| 1 fopr fect long, in round 
| lhymps, from one to twenty pounds weight, floating in a fluid 
— thin 02 ofa plows, 90 
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| are never ſeen more than ſour at a time in one of theſe 
bags; and that which weighed twenty pounds, and which 
was the largeſt ever ſeen, was found fingle. © Theſe balls 
of ambergris are not found in all Sſhes of this kind, but 
chiefly in the oldeſt and ſtrongeſt.” This account ſeems 
probable enough, for amberyris is a fine perfume; and 
we know that other perfumes, ſuch as civet, muſk, and 
caſtor, eme in the inguinal regions of the civet cat, 
the muſk animal, and the bever. 

All vegetable, and bituminous, and indeed all animal 
ſubſtances, leave, after their volatile principles have been 
ſeparated by diſtillation, à black coal. "Theſe coals differ 
ſomewhat from each other, with reſpect to their proneneſs 
to catch fire, and their ability to ſupport it: : but I will con- 
tent myſelf with the nature of the refidue, from 
the diſtillation of wood. 
This des docs net differ ben what is griietally calls 
charcoal; the lighteſt attention to the manner of obtain- _ 
ing this refidue, and of making charcoal, will convince 
us, that no diffcrence ought to be expected. When the 
wood is diſtilled, its communication with the external air 


is obſtructed, ts volatile parts are elevated from it, by the . 


heat to which it is expoſed, and the refidue is that part 
of the wood which remains after all the volatile parts are 
driven oſſ. In making charcoal they conſtruct a pile of 
cod upon the ſurface of the ground, they cover the pile 
with a coating of turf, or other ſubſtances, and make the 
coating ſo compact, that it will not admit of air, er- 
cept through ſome little round holes, which are purpoſely 
made in it, and which can be ſtopped at pleaſure. When 
the pile, thus conſtrufted, is ſet on fire, part of the oil 
ol the wood is conſumed during the burning of the pile, 
the other part with the air and water in 
the wood, is evaporated, . 
apera- 


n 
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operation is f nihed, the earthy part of the wood, called 
in that fatc, charcoal. Thus the making of charcoal is 
3 kind of qſtillatian ; for de coating which ſurrounds the 
Pile of wood may be compared to a retort. 

Henckel informs us, that 1 50 lb. of oak, will produce 
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the weight of a cubic foot of dry oak at 925 4 F another 
at 800 ounces]. To the more obvious ſources of this di- 
verſity, in the weights of equal bulks of the ſame kind of 
wood, uch as the wood being green or dry, being cut 
from the boll or branch of OE 


poſure to the atmoſphere, in the courſe of a few days. 
From the middle of 2 branch of an oak tree, which had 
been felled in April, and expoſed without its bark, to the 
hot ſurnmer of 1779, 1 cut, Sept. 4, a round piece, about 
fix inches in diameter and three in thiekneſs: Sept. 15, I 
cut from the heart of this piece of oak a ſmall flip, three 
inches in length, one-fourth of an inch in thickneſs, and 
79 grains in weight; at the ſame time, I cut a ſimilar flip 


Sept. 25, 
E 
the ſap had loſt 12 grains, or above one - ſeventh of ita 
weight. Now if the weights of ſeveral equal bulks of theſe 
woods had been taken on the 15th, and on the agth of 
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weighed ; is weight was 327 grains, its kngth three 
inches, and its breadth two. It was weighed again, March 
24, it had loſt in the coarſe of 7 days 62 grains, or near 
one-fifth oſ its weight. I weighed this fame piece of wood 
on the "25th of Auguſt in the fame year, but it had not 
Joſt any thing of its weight, from the 24th of March to 
the 25th/'of Auguſt. The two pieces of oak, mentioned 
in the laſt experiment, were weighed alſo, on the 25th of 
Auguſt, 1780: they had neither of them loſt, in the- 
courſe of eleven months, quite one grain; hence it ap- 
pears, that the matter which is diſperſed from wood 
alter it is cut, is ſoon : this matter probably 
conſiſta chiefly of water. The carriage of wood, eſpecially 
by land, is very expenſive : if an oak or an aſh tree was 
cut into boards, or ſcantlings, upon the ſpot where it is 
felled, there would be a ſaving of the carriage of one ton 
_ in fix or ſeven, from the evaporation of the ſubſtance of 
the wood; to fay nothing of chips, and other refuſe 


Ie is well known, that all wood becomes heavier than 
water, by having the air extracted from the pores, either 
by an air-pump; or by boiling it in water. The woods of 
which I have given the relative weights, were all of them 
rendered heavier than water, by 2 long continuance in 
cold water; for the heat of the water in which they were 
after they had been ſoaked in it for different” lengths of 
time; but it required above roo days'foaking before the 
deal would fink. After they had all lain in water for 110 
days, I took them ant, and let them dry by the gradual 


yd hh 283 
oy by © RO of ul Ge 
of the woodsy for the water, in which 


when dry and when ſoaked with water; the covering carts, 
ploughs, and other huſbandry gear, uſually made of aſh, 
with a coarſe kind of paint which will keep out the rain, 
is a practiee full as ſerviceable in leſſening 


a= or hot,” as in yreheving 6 
made from decay. 

1222 pieces efthe wends before atantioned, cock 
piece being three inches in length, and weighing exactly 96 
grains, and cxpoſed them, when covered wich ſand, in a 
crucible, to the action of the ſame ſire, which was ſtrong 
enough to keep the crucible red hot for three hours; they 
were, at the end of that time, all of them converted into 
pereck charcoals 3 the weights of the reſpective charcoals 
were taken whilſt they were ſtill warm, from the 
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that they had all in- 
5 their weights then 

24 — box 23 — mohogany 24 
— oak, box, and mohogany, 


greater than: that expployed- in the diftilation ; for 
hg na Ly a the leſs is the quantity of charcoal, 
which a definite weight of wood will yicld. | TT 


Van Helmont 
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be collected in veſſels, nor reduced into a viſible form. 
This vapour be called by a new name; gat. 
Stahl is of opinion, that re 


porous woods, ſuch as fir and fallow, will not, when | 


burned with a very ſlow fire, yield above Ib. of aſhes. £ 
This quantity, however, it muſt be remarked, is above fix 
times the quantity aſcertained by Van Helmont to oak, 


which probably contains more aſhes in a definite weight of 


charcoal, than either fir or ſalloy. 

” Geoffroy, from ſomewhat leſs than 34 ounces of the 
charcoal, remaining after the diſtillation of the heart of 
gyalacum, 
cining the coal in an open fire for 12 hours. From near 
23x ounces of the coal, remaining from the. diſtillation of 


the fap of guaiacum, he . 


And ag ounces of the coal, from the bark of guaiacum, 
gave bim 135 ounces of white aſhes f Yr 

Lafly, M. Sage. aſfurcs us that 190 pounds. of charcoal 
will not, when burned, furniſh quite 2 ounces of aſhes f. 

Theſe accounts, it. muſt be acknowledged, differ very 
much, as to the quantity of aſhes obtainable from a defi- 
nite weight of charcoal; and the diſſerence, I think, is 
much greater than what can wholly be attributed to the 
diffcreat textures of the ſeveral woods, a part of this di- 
os 
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in ſmall quantities, and in a flow fire, leſs of its ſubſtance 
will be diſperſed into the air, than when the quantity is 
larger, and the ſtream of air which ſupports the fire, 1s 
more rapid. This ſeems not improbable ; but if the 
weight of the aſhes remaining from the burning of a defi- 


carthy nature, as that which remains when the fire is 
more moderate 3 at leaſt it may be argued, that when 
charcoal. is burned with a flow fire, ſome of its 
its oily principle for inſtance, though it, probably, alſo 
contains 2 ſaline one, are more completely decompoſed, 
than when it is conſumed with a violent fire ; and that 


the decompoſition of theſe principles, gives an additional 
quantity of earth or ſalt to the aſhes. 


EEE be aoy truck fn this notion, we muſt not ſay, 
that the 61 pounds of matter which to Van Hel- 
mont, are diſperſed into the air from 62 pounds of char- 
coal, ate wholly of an claſtic nature ; fince they may 
confilt principally of an attenuated earth, which 
wen off by the current of air, requiſite for the main- 
tenance, of the fire, remains for a time ſuſpended in the 
atmoſpherical air, without being in its own nature elaſtic. 
I would not be underſtood to ſay, that the whole of what 
is dilipated, during the burning of the charcoal, is an 
atrenuated carth, fince it is certain, that the earth of the 
aſhes is not inflammable, and that charcoal contains 
ſomething which is inſlammable ; it is allowed alſo, that 
fimple earth is inodorous; and it is well known, that 
charcoal, during its inflammation, diſperſes 
into the air which has a ſtrong fmell ; this ſemerbing, h 
which charceal is rendered inflammable, and 1 
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the weight - of what is dif 
charcoal: we all know what a frong 


from theſe ſubſtances are of an oil 
of charcoal, 


candle, blown out under 
ies is wt dangerous, when the charcoal has not 


| Ma 


flammable air ? 


2 CHEMICAL ESSAYS. 


| It has been! found by Exptiiniant; that the common ab- 


having done both at the fame time; juſt as water which 
paſſes 7 hz lump of faſt or fugar, loſes a great part 
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Dr. Hooke advances angther hypotheſis ; he 
to be neceffary to the ſupport of fixe ; but be thinks that 
it contributes to this ſupport, not by imparting any — 
of its own ſubſtante ta the fire, but by the diſd the 
flammable principle of. bodies,. 0s water diſotves ſalts e 
hep 7 {a eee 
to this it is the rn or ſolvent of fire. 

N * 2 

ble induſtry the philoſophic world is peculiarly 

| for his inquiries into the nature of factitious airs, has obſcry- 


— , oqpdymang 
ion, Jet a bottle or a bladder filled wich this diminiſb- 
ir, weighs leſs than when i is filled with common 


296 C R 
C HRMICALESSAVNS. 


burning charcoal to 4 cubic inci 
| to — 
incherof inſet air, dete ern Is than 4 ct nc 
admitting, ith. | well be 2 4 cubic inches 
rical air; has 2 part of the 5 cubic i — ſor without 
Being defirous * A wo. web _— uced to 4 
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which it had bern 1 when it n 
ad Eh es mae, x gene pony ap 

a5 to be handled with again, whe n 
ET Ihe EI Say found that they 
— thay vera e about 1 
days.- The athui INS they dota 


is probable that 
ey to the made, it 
degree of heat ; now what ie forced from it wood js. not 
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takes fte in the open air . Guaiacum contains a ſifotiget 
that ** the coal of guaiacum being taken out of the retort; 
and expoſed to the air, even to br three days after the 
proceſs, takes fire immediately of its own accord} pro- 
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lie acid being uncombined with the phlogiſton of the cal, and 
being in a dry condenſed ſtate, attracts the humidity of the at- 
moſphere, and generates ſuch a degree of heat by its migture 
with water, as is ſufficient to laſland the other part of the py- 


but ſome acid probably enters inte their compoſition, i 
+ Treatiſe on foreign -< 
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it inumerſed in them, when cold, for a long time, 
or by other leſs obvious proceſſes, it does not fall within 


my defign to inquire. © 24-3 
are ſoon reduced by putrefac- 


Animals and 
tion to an earth; many forts of ſtones and metallic ſub- 
ſtances are crumbled into duſt by the action of air and 
water; but charcoal remains ged for ages, whether 
it be expoſed to the air, or immerſed in water; or buried 
in the earth. The beams of the theatre at Herculaneum 
were converted in charcoal by the Lava, which overflowed 
that city, and during the lapſe of above ſeventeen hundred 
years the charcoal has remained as entire as if in had been 
formed but yeſterday, and it will probably continue fo to 
the end of the world. This incorruptibility, as it may be 
called, of charcoal has been known in the moſt diſtant 
ages; for it has been obſerved, that the famous temple of 
Epheſus, was built upon wooden piles which had been 
charred on the outfide. The cuſtom of charring the ends 
of poſts which are to be fixed in the carth is very common, 
and I have often wondered that the ſame cuſtom has not 
prevailed with reſpect to the wood uſed in mines and ſub- 
terraneous drains. The timbers which ſupport, in many 
places, the roof of the ſoughs through which there is a 
current of water, are waſted away in a few years, that 
part of them eſpecially which is expoſed to the alternatives 
of moiſture and dryneſs by the riſing and falling of the 
water, is ſoon rotted, and this part one would think would 
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E SS AY XX. 


Of the Yuantity of Water evaporated from the Surface of the 
| Earth in bot Weather. 


8 
by natural means, which, though they eſcape the ordi - 
nary obſervation of our ſenſes, ſufficiently excite our 
aſtoniſhment when once diſcovered The vaſt quantity of 
a kind of air, with which the is 
daily impregnated, from the combuſtion of all ſorts of 
fuel, is one inftance of this kind ; and the water which is 


raed js he — the ſurface of the earth, 


the ſun in ſummer, diſperſed into the air above 1600 gal- 
lons of water in the ſpace of twelve of the hotteſt hours 
of the day? No vapour is ſeen to aſcend, and we little 
ſuppoſe, that in the hottelt. part of the day, more uſually 
docs. aſcend than in any other. experiment 
which I draw this conclufion, is fo eaſy to be made, that 
every.one may ſatisfy himſelf of the truth of it. On the 
ad of June, 1779, when the fun ſhone bright and hot, I 
put a large drinking glaſs, with its mouth downwards, 
upon a graſs-plat which was mown cloſe; there had been 
no rain for. above a month, and 
brown; in leſs than two minutes 
was clouded with a vapour, and i 
of water began to trickle down its i 
places. —— repeated 


U 3 
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That I might accurately eſtimate the quantit , thus 
raiſed, jn any certain portion of time, I meaſured the area 
A ROD on he ht aſd by be. 90. ace 
inches: there are 1295 ſquire inches in (quare yard, 
and 4840 ſquare yards in a ſtatute acre; hence, if we can 
find the means of meaſuring the quantity of vapour raiſed 
from 20 ſquare inches of earth, ſuppoſe in one quarter of 
an hour, it will be an caſy matter to calculate the quantity 
which would be raiſed r 
an acre in 12 hoh. _ The method I took to me] 
quantiey of vapour, was not, perhaps, the moſt - 
which might. be thought of; but it was fimple and Faly to be 
praiſed: *when the glaſs had ſtvod on the grafs-plar one 
quarter of an hour, and had colletted  quattity of va- 


_ pour, I wiped its infide" wick a piece of vflin, rhe Weight 


of which had been previ 


whe the caſculation MAT. that above 
1600 gallons, reckoning' pints to a gallot, and eſtimat- 
ing the weight of a pint af water at ont ou 


I metef 
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meter laid on the graſs, was 96 degrees; one experiment 
gave 1973 gallons. from an acre in 12 hours, the other 
gave 1905. Another experiment made when there had 
bern me, tin for a weck, and the heat of the earth was 
110 degrees, gave aſter the gate o 2800. gallons from an 
acre in 14 hours; the earth was hotter than the air, as it 


was ex poſed to the r a brick. 


a 1» : wi = 
The beat in Sdn the, fammns. months is variable, 
in the ſhade from 98 to la degrees 4, and in the fun it 
probably does not fall ſhort of 140 degrees; hence, after 
the carth has been well drenched by the overflowing of the 
Ganges, immenſe quantitics of vapours muſt be daily raiſed, 
to the amount, perhaps, of /Gye or fix thouſand. gallons 
from an acre, in twenty-four haurs. The rainy ſeaſon in 
Bengal laſts from the beginning of, June to the middle of 
October, all. this interval is, confidered as an unhealthy 
time z hut eſpecially. the latter part of it: for then the 
carth begins. to grow dry, the ſlime left upon its ſurface, 
oonſiſting of; decayed vegetables and other putreſcent bo- 
dies, begins to-corrupt,/ and the ſun by its violent and con- 
tinned action raiſes up into the air, not a pure water, but 
watenvwepregented: with :guerid particles of all kinds. 
: Whether a merely maiſt. fituation. be un haleſome may 


be much queſtioned ; but that moiſture arifing from earth 


or water in a, tate of putrefaction is ſo, cannot well be 
doubted- The ovenſlowing of. the, Nile, puis a ſtop to the 
plague in Agne, inſomuch, probably, as it puts a ſtop to 
the putrefation of the canals of Grand Caire and other 
places. Agues and putrigifevers are much more frequent 
in the ſens of Cambridgeſhire and Linca/aſbire in very, dry, 


ſenſible of che difference, that for the three or four, years 
P 


$ Philo, Trand. 1967- P+ 218; and for the year n b 308. 


than in wet years; the ſriſb, who. annually come to reap 
the harveſt in the ſens of Cambridgeſhire, have been fo 


4 . 


/ 
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they call Fex-ſGake. The States of Holland, in the year 
1748, laid the country around Breds under water, and 
ordered the water to be kept up till the winter, in order to 
ſtop a fickneſs which had ariſen from the moiſt and putrid 
exhalations oi half drained . The 4b arc 
ſaid to take a horrid kind of when they think 
themſelves injured by the Turks at Befſers; they contrive 
to overflow the adjoining country : a peſtilential fever be - 
gins to ſhew itſelf as the land begins to grow dry by the 
evaporation of the water, and it rages with ſuch violence 
as to carry off many thouſands of the inhabitants of that 


have a great influence on 


The nature of the ſoil 
the health of the people who inhabit it, fo far as that is 
dependent on the moiſture or dryneſs of the air. There 
is probably, 'as much water raiſed into the air, in a hot 
day, from an acre of ground in the fens of Coambridgeftire, 
as is raiſed in two or three days from an equal ſurſace in 
the ſandy parts of Norfolk and Sf. Nov but the moſt 
ſandy country may have # very moiſt atmoſphere, when wa- 
ter happens to be found near the furface ; for the heat of the 
ſun will penetrate through the ſand, and raiſe the water in 
vapour, which will find an eaſier paſſage through the ſand 
than it would do through a leſs open foil. Thus the foil in 
ſome parts of Dutch Brabant is a barren ſand, but water is 
every where to be met with at the depth of two or three 
feet, and in proportion to its diſtance from the furface 
inhabitanes are free'from diſeaſes. or ot 
Vegetation muſt be inſluenoed by the quantity 
of water which is from the earth. Some ſoils re- 
uſe of marles, and other manures, is to render the foil on 
which they are put leſs liable to be deprived of its moi- 


$ Diſeaſ. of the Army, p- 64. 
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ln 
and nearly of the fame dimentions; but I could never ob- 
ſerve that its infide had collected the leaſt particle of va- 
pour, though I frequently let it f for half 
an hour, or more. 

By means of a little bees wax, I faſtened an half crown 
vity'nenr; but netiquile contignane, tothe fide of the g 
and ſetting the glaſs, with its mouth downwardson the graſs: 
it preſently became covered with vapour, except that part 
of it which was near to the halfcrown. Not only the halfcrown 
itſelf was free from vapour, but it had hindered any from ſet 
ring of glaſs ſurrounding the half crown, to the diſtance of a 
quarter of an inch; which was quite dry, as well as that 
part of the glaſs which was immediately under the half 
crown : it ſeemed as if the filver had repelled the water 
to that diſtance. A large red wafer had the ſame eſſect as 
IF? the 
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the half crown: it was neither wetted itſelf, nor was the 
ring of glaſs contiguous to it wetted. A circle of white 
paper produced the ſame eſſect; ſo did ſeveral other ſub- 
ſtances, which it would be tedious to enumerate. 

| Theſe phenomena, reſpecting the different diſpoſitions 
of different bodies to attra the riſing vapour, arc ſimilar 
to what others have taken notice of concerning the falling 
of dew, and are, probably, to be explained upon the ſame 
principles, whatever they may be. Muſchenbrock placed 
on the leaden terxas of the Obſervatory at Utrecht veſſels 
of glaſs, china, yarniſhed wood, poliſhed braſs, 2 
ter, he found that in the courſe of a night the glaſs, chi- 
na, and varniſhed wood, had collected a great abundance of 
dew, but that not. 3 drop had fallen on anꝝ of the poliſhed 
metals *. M. du Fay expoſed to the air, when the dew was 
falling, two large fpancls, one made of glaſs, the other of 
poliſhed pewter : the necks, of the fanncls being inferted 
into. veſſels proper 19, retain any moiſture which might be 
collected by them: be ſometimes found. in the morning 
that the veſſel under the glaſs ſunnel contained an ounce 
. IO AHI; SPST gapch 04 2. drop | 
nnn 
A-grent part; of..the, ater which, is raiſed. into the air 
from the perſpiration of the earth, during a hot day, der 
ſcends down again upon its ſurſace in the. courſe of the 
pight > and this is the ceaſon that the dews are the great · 
eſl in the hotteſt weather, and in the hotteſt climates. 
The earth retaing: the heat it receives in conſequence. of 
the-fun's ation longer ahan the air does; water, more- 
over, is cvaporahle im all degrees of heat: hence water 
may continue to mic from the earth, when the air, being 
cooled: by the abſence of the ſun, id no longer able to 
faſtain what is thus'raiſad, or to retain, what it had taken 
up ducing the day tima z. and a dew, from theſe different 
rams mp7; der een s ound ue 
pſe:and fall ducing the whole night. - 0 
2001 Egypt 

* Jntrod, ad Philoſ. Nat. tom. 3. p. 990. 
+ Hiſt. de FAcad, des Scien. 174% 
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Egypt, at one ſeaſon of the year, is ſo parched up by 
the heat, that the ſurface of the ground becomes quite 
rugged with fiſſures: at this time the dew, proceeding from 
the vapour exhaled from the carth, is very plentiful, and 
by its plenty prevents the total deſtruction of the country. 
£© This dew is particularly ſerviceable to the trees, which 
would otherwiſe never be able to refiſt the heat; but with 
this aſſiſtance they thrive very well, bloſſom and ripen 
their fruit : therefore, the upper parts of the Egyptian 
trees, at one time of the year, do the office of roots, at- 
. Cy ate ablivhent veil, the raves; 
RI ISA » | 

The quantity of water which was condenſed on the in- 
tas of the glas, I found to be proportionable 
to the time during which it ſtood on the graſs : for in one 
experiment G\grains were collected in 10 minutes, and in 
another 15 grains were collected in 25 minutes. Now 
the proportion of 6 to 10 is the ſame as that of 15 to 25. 
In order to ſee whether the copious vapour collected by 
the | glaſs was owing to the natural iration of the 
graſs, or to a kind of mechanical diſtillation from the body 
of the carth, I put the glaſs upon a footpath which was 


dry, and had no graſs growing upon it; the vapous roſe 
r 


From What has been akranciul it ay probably be 
juſtly inferred, that the air contiguous to, or not far re- 
moved from, the ſurface of the earth, whether that far- 
face be plain or mountainous, barren or. covered with ve - 
getables, will be much more loaded with the vapour 
which ariſes conſtantly from the earth, than that which is 
at the diſtance of even a few yards from the ſurface. This 
point may be. illuſtrated by the following hypotheſis :—— 
Suppoſe the earth to be a globe of rock falt, and to be co- 
vered with water to the height of a mule ; imagine the 
water to be divided into four ſpherical ſhells, each a quar- 
ter 


, it's Voy. f. 453. 


| 


— 
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ter of @ mile in thickneſs: now the firft:ſhell, which is 


fuppoſed to be contiguous to the ſurface of the ſalt, would 
foon ſaturate itſelf with the ſalt, and becoming thereby 
heaviet than the water at 2 greater diſtance, it would not, 


by the ordinary motion of the winds and tides, foon mix 
itſelf with the whole maſs of water ; but it would contain — 


far more falt in folution than the ſecond ſhell, and the ſe- 


tained in the whole of the water to be precipitated, and 
the precipitation to begin from the ſhell fartheſt removed = 


more than the fourth. Let us further ſuppoſe 


. 
manner, it ſeems reaſonable to 
is nei the ſurface of 


{ame dimenfions;:fitbated-a few: yards! above it *; and he 


— 


of the carth, thas into one af se 
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the ſame ſpot, but 18 yards higher 4.” I am far from 
thinking that the foregoing obſervations, relative to the 
quantities of water contained in equal bulks of air at dif- 
ferent heights from the ſurface of the earth, contain a ſa- 
tisſactory explanation of this phenomenon, yet it may be 
remarked, that rain gages, placed at equal diſtances from 
the ſurface of the-earth; collected nearly equal quantities 
of rain, though one of them was fituated on a plain, and 
the other on a mountain 450 yards in height above. 

in . This obſervation is ſome confirmation of 
hypotheſis which has been mentioned q 2s on that ſuppo- 
Stion it follows, that the air, at the fame diſtance from the 
ſurface of the earth, is equally inipregnated with water, 
other eircumſtances being the fame ; and therefore equal 
quantities of tein right to be colleQed by ves placed at 
equal diſtances from the ſurface of the earth, though, ac- 
cording to the fame ſuppoſition,” a much larger quantity 
ought to be collected by a veſſel Aaced on the furface, than 
by one placed's few yards above it. Thus this hypotheſis, 
admitting its truth, (which future experiments will perhaps 
eſtabliſh) ſeems as if it was fafficicnc for explaining the phe- 
nomenon. I would be underſtood, however, to mention it 
with much diffidence : and was Tay much ſkilled in elec- 
tricity as the'very worthy and ingenious perſon who firſt 
noticed the RE, is in every branch of natural philoſo- 


phy, I might probably have ſeen reaſon not to mention 
henry ro 
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much ſooner dried up in places expoſed to the direct rays 
of the ſun, than in the ſhade ; men, of eh pen 


being ſome degrees colder than that in the fun, 


able to diſſolve the fame quantity of water. in the "hike 
time. 


"Wikis water i Gasse wh iy Misg ur falt in a de- 
finite degree of heat, then will it retain the ſalt as long as 
it retains its heat, dat if che heat be lefſencd, the tranſpa- 
rency of the ſolution will be deſtroyed, a part of the fal 
will become viſible, and fall to the bottom, in conſequence 
of its ſuperior weight; what falls to the bottom will be re- 
diſſolved, as ſoon as the water regains its heat.. It is ob- 
vious that the quantity of the ſalt, which is 
from the cooling of water, will depeng partly on the de- 
gree of heat in which the ſolution is ſaturated, and partly 
on the degree of cold to which the ſolution is reduced. Thus 
water of 80 degrees when ſaturated with ſalt, contains more 
falt than it would do, if it had only Jo degrees of heat, 
and in being cooled to 50 degrees, the precipitation of 
ſalt will be greater in the firſt inſtance, than in the ſecond ; 
though it might, probably, be the ſame, if the ſolution 
of 80 degrees was cooled only to 60, and that of 0 to 50. 
Something very analogons to all this may be obſerved, with 
reſpe& to the ſolution of water in air. In miſty weather, 
we frequently fee the miſt of the morning intirely vaniſh- 
ing towards the middle of the day, and coming on again 
towards the evening; the reaſon of which ſeems to be, 
that the air being warmed by the approach of the fun to 
the meridian, is able to diſſolve the morning miſt ; but as 
the air grows colder again towards the evening, the water 
which had been perfealy diſſolved by the mid-day heat, 
hogs to bs primed. the tonſpornny of the air 
+ and an. evening miſt is formed. 

"Tile phrnentcies hes been obferved to proveil, in the 
coldeſt atmoſphere that has ever yet been taken notice of, 
om the ſurface of the globe; for in January 1735, when 
the cold in Siberia was equal to 157 degrees below the 
freez- 


. * * 
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freezing point in Farenheit's thermometer, the lower te- 
gion of the air was obſcured by a perpetual cloud, which 
was very thick in the morning, thinner towards noon, and 
thicker again at night 7. 
| Miſts and and dew will generally ſpeaking, be the greateſt 
when the difference between the heat of the air, in the day 
time, and at night, is the greateſt, becauſe the hotter the 
day, the greater is the quantity of water which is diſ- 
folved, and the colder the night, the greater will be 
the quantity which is precipitated. It often happens that 
there is no miſt obſervable towards the cloſe of the day, 
this may be occaſioned, cither by there being little differ- 
ence in the heat of the air at noon, and at night; or, 
though that difference be conſiderable, yet the air may 
chance not to be ſaturated with water, and in that 
caſe it may, even in the night, be warm enough to retain 
all the water it had diſſolved in the day time. In cold 
weather the breath of animals becomes viſible, becauſe 
the air is not warm enough to diſſolve the moiſture which 
is exhaled from the lungs ||. 

It is not unuſual for a river in winter time, to be much 
warmer than the air, hence, the vapour which riſes from 
the river, is condenſed, the air not being able to diſſolve 
it, and a cloud or miſt of ſmall elevation, is ſeen to ac- 
company the river in its courſe ; r 
ſoon as the river is frozen, becauſe the ice, though it be 
ſubje& to evaporation, LO I As. 
pour as water does 6. 

A cubie 


+ Mont Cs MEG 
1 The breath is viſible if the temperature of the air be colder 
than 61 degrees. Caval, on air. p. 30. The degree of cold 
in which it is viſible, depends partly on the humidity, or dry- 
neſs of the air. 
| gars flavius node glacie confiſtic, quo facto nebula ill 
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A cubic inch of rock ſalt,  nitre, or any other kind 
of ſalt, is much longer in being diſſolved, when it is in 
a compact ſtate, than when it is reduced into a fins 
powder, becauſe the ſalt, when in the form of a 'pow- 
der, has a mach larger ſurface, expoſed to the action of 
the water, than if it was in one ſolid lump. In like man- 
ner, the air will diſſolve any definite quantity of water 
ſooner, whes'the furlrre of the-water Þ inccenied: dy as. 
being in the form of a vapour, than it would do if the 
water was cither in the form of ice, or in its ordinary fluid 
ſtate. The ſmoke of a chimney confiſts principally of 
water, in the ſtate of vapour; and it is really aſtoniſhing 
„ 
it is diſſolved im the air. 

It has been remarked, that the ſmoke of -Mount-Pe/a. 
vius is much more ſtrong and viſible in rainy, than in fair 
weather . If this phenomenon does not proceed from 
the greater quantity of water, which is raiſed from the 
mountain in wet, than in dry weather, it may be ac- 
counted for, from the greater facility with which aqucous 
vapours are diſſolved in a- dry. ſerene air, than in one 
which is fo ſaturated with water, that it can diſſolve no 
more z- which is the caſe, in general, of air which parts 
with its water in the form of rain or miſt. 

In riding upon wet ſand,” in a hot day, a kind of tre- 
mulous motion in the air, to the height of a foot or more 
above the ſand, may be obſerved. This appearance may 
re 
ſand, is not immediately diſſolved in the air. A fimilar 


appearance may often be obſerved on land, eſpecially in 
corn fields towards autumn; the water which is exhaled = 
from the ſtanding corn, not mixing Auf at orice, fo cf- 
ſectually with the air, as to conſtitute with it an apparent · 
nn. _— 
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pens, when either ſaline ſolutions, - wines, or vinous ſpi- 
rits of any kind, are ponred into à glaſs of water, the 
2 — 
at firſt he uniform. _ > i 3K | 
e e the: 8ir, enen in 
the. driefk weather, is very .confiderable.. We may be 
ſaid to walk in an ocean; the water indeed. of this ocean, 
does not ordinarily become the ohject of our ſenſes, we 
cannot fee it, nor, whilſt it continues diſſolved in the air, 
do we ſeel that it wets us, but it is ſtill water, though it 
be neither tangible nor viſihle 3 juſt. as ſugar, when diſ- 
ſolved in water, Er 
it, nor feel it. | forces 
2 Some philaſophers have dates whether: the. make 
of the air, may not chiefly ba attributed to the water 
which is conſtantly | ſuſpended in it ®. But whether this 
oonjecture be admitted or nat, the power which the air 
has of keeping a great quantity of water diſſolved in it, 
may very properly be applied to the illuſtration of that 
text, in which it is ſaid; God divided the waters which 
above the frmament +, without having recourſe with Ep 
copious, to the very unphiloſophical ſuppoſition of the blue 
ſky being a ſolid ſubſtance compoſed of congealed water * . 
Some are puzzled to find water enough to form an univer- 
ſal deluges to aſſiſt their endeavours it may be remarked, 
Ne pr EY APR ae; ny 
nn 
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might probably be ſufficient to cover the ſurface of the 


earth, to the depth of above thirty feet. 
air not only diſſolves water, but various other va- 


be fo far difſerent from 'pure water, as to have 
The matter perſpired by animals, 
without ſweating, conſiſts principally of water, but the 
water is ſtrongly impregnated with odocous particles. It 

has been faid of Baron Haller, that he could ſmell the per- | 


great ſpace, amounting to above 50 cubic feet. The 
heat of the human body is generally between go and 100 
degrees, this degree of beat is ſufficient to raiſe from it, 


ladders rom the bottom of the copper 
when, I gat. to. the top I obſerved by the light of a candle, 
a thick vapour recking from the body, and viſible around 
it, to the diftance of a foot or more. 
* The difpoltion of the agar diff Iving either pure water, 
or the matter perſpired vegetables, or animals, is very 
— e Nane, 


Lo 
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various, depending chiefly on its denſity, beat, and dry» 
neſs. The power which dogs have of ſcenting the animal 
they are in purſuit of, muſt be much aſſected by this dif- 
poſition of the air; for the air through which the animal 
has paſſed, is impregnated with the matter perſpired from 
its body z and this matter may in one ſtate of the air be fo 
ſpeedily diſſolved, and ſo much as it were diluted with air, 
as to make either no impreſſion, or a very flight one, on 
the olfaQory nerves of the dog ; whilſt in another, it may 
make a very ſenſible one. And if we ſuppoſe the perſpi- 
rable matter nat to conſiſt chiefly of water $, but of ſuch 
particles as are thrown off by perfumes, without their 
loſing ſenfibly of their weight, ſtill it will be true, that 
the ſtate of the air muſt have a great influence in render- 
ing them ſenſible ; fince it has been found, that on the 
tops of very high mountains, where the ſtate of the air is 
very different from what it is in the valleys below, the 
moſt adorous bodies loſe either intirely, or in a great de- 
gree, their powers of exciting a ſmell. The exiſtence of 
water in air, is made apparent various ways. | 
I a bottle of wine be fetched out of a cool cellar in the 
hotteſt and drieſt day in ſummer, its ſurface will preſently 
be covered with a thick vapour, which, when taſted, ap- 
_ pears to be pure water. This watery vapour cannot pro- 
F If the whole body of a naked man, except hie mouth and 
noſtrils, was ſhut up in a glaſs caſe, ſo that no a could enter, 
| the matter of the inſenfible perſpiration, would, probably, be 
condenſed, und ſtand as dew on the ipbde of the glaſs z nad I 
apprehend it would not differ mach from the matter of the /en- 
fol perſpiration, or ſweat. But if any one be diſpoſed to con- 
fider the infenfible perſpiration, as an incondenſable fluid, or = 
— OAPI in 
a kate of fermentation, (the heat of fermenting wort, being 
. an did} body) Rid Ts winewre Gird 
humidizy and other properties of that air, a 
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eced from any exudation of the wine, through the pores 
of the bottle, for glaſs is impervious. to water, and the 
bottle remains full, and when wiped dry, it is found to 
weigh as much as when taken out of the cellar. The 
ſame appearance is obſervable on the outfide of a filver, 
or other veſſel, in which iced water is put in ſummer 
time ; and it is certain, that the water which is condenſed 
on the ſurface of the veſſel, does not proceed merely from 
the moiſture exhaled by the breathing of the people in the 
room, where this appearance is moſt generally noticed, 
becauſe the fame eſſect will take place, if the veſſel be put 
in the open air. Water which is cooled by the ſolution 
of any falt, or even ſpring water, which happens to be 
a few degrees colder than the air, produces a fimilar con- 
denfation of vapour on the oatfide of the veſſel in which it 
is contained. Theſe and other appearances of the fame 
kind; are to be explained on the ſame principle. Warm 
air is able to-retain more water in ſolution than cold air 
can; when therefore warm air becomes contiguous to the 
outward ſurface of a veſſel, containing cold liquor, it is 
preſently cooled to a certain degree, and in being cooled, 
it is forced'to part with ſome of the water which it had diſ- 
ſslved,” and this water, ceafing to be ſuſpended by the air, 
artaciies e the ſarlice of the cold vellel. | 
ket diſfolved in air, were of opinion that the 
moiſture which they obſerved adhering to the outfides of 
veſſels, which had been cooled by having ſnow put into 
F bs; 5 I 

3 \ ft 


Ses e alle; en ren 
diis eatoriĩbus dee bit abjecta hac nix, vitro conica 
— — apice deorſum vergente, ſuſpe nſo in- 
datur nivis vel glaciei fruſtum. Quippe ſubjecto vaſculo exci- 
piuntur, exteriore vitri frigiditate colleQz, et laterum declivi- 
tate manantes aqua gutte.  Bartholinus de figura Nivis, p. 3. 
See alſo Bojle's Works, Vol, II. p. 29%; 
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But there ſeems to he no more reaſon for this ſuppoſition, 
than there would be , for ſaying, that water was changed 
folved as much faltpetre as it could, in a certain degree 
of heat, depoſited a part of it, when that degree of heat 
was leſſened. 
Another method of proving the exiſtence of water in 
the cleareſt air, is, to obſerve: the increaſe of weight, 
which certain bodies acquire by expoſure to the open air. 1 
put upan a plate 8 ounces of ſalt of tartar, which had been 
well dried on a hot iron; the day was without a cloud, 
and the barometer ſtood at 30 inches; in the ſpace of 
three hours, from 11 to 20'clock in the afternoon, the 
ſalt had increaſed in weight two ounces ; in the courſe of 
a few days its weight was increaſed to twenty ounces, it 
water equal in weight nearly to the increaſe it had ac- 
quired from the air, and therefore it is rightly inferred, 
that Pye wo the ſubſtance which it had attracted from 
alr. JL irn Aer 
Strong acid of vitriol is another body which very pow- 
erſully attracts humidity from the air. An ounce of this 
acid has been obſerved to gain, in 12 months, above fix 
ths th OR OI”, OE HOT Pear pon 
water from the air, depends upon its ſtrength ; for it may 
be ſo far diluted, that inſtead of attracting any more wa- 
which it had acquired. When it is in this ſtate, its 
weight varies with the dryneſs or moiſtneſs of the atmo- 
ſphere, and it becomes, when accurately balanced in a 
good pair of ſcales, no bad kind of an hygrometer. The 
time in which any definite quantity of acid acquires its 
greateſt weight from the air, depends partly upon the 
quantity of watcr which is diſſolved in the air, and parily 
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upon the ſurface of the acid which is expoſed to the air 3 
it having been aſcertained by experiment, that the quan- 
tity attraQed from the air, in a definite portion of tima, 
is greater as the ſurface. is, greater- Henes, inſſead of a 
twelvemonths expoſure to the air, being requiſite to make 
one ounce of acid of vitriol acquire fix ounces of water, 
Dr 
its ſurface was enlarged in a due proportion 
Onions and other bulbous woe, when, hung up in © 
room ſheltered from rain and dew, are obſerved to ger · 
minate, and to acquire a great increaſe of bulk ; and 
it might thence have been ſuſpected, that they attracted 
much water from the air, and were increaſed. in weight. 
But though they may increaſe in bulk, they are found to 
decreaſe in weight : the root, itſelf, in becoming rotten, 


healthy, added. 18 ounggs, to. his; weight in the ſpace of 
one night, and this. by the abſorption through big pores. 
Another. perſon, has been, ſeep to gain 40{þs. weight i 
| the lame. manner, in the ſpace of a. day. M, Ha 
of opinion, that dropfical patients abſorb more than 
100 lbs. weight . bb. UT 

by; a N. ,oomgwon:'S ve iy 4 „ 
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the body abſorbs more than 1 lb. every day by the 
- p — — — an 

about te" feet ; and if we | 
drophical prefon to be 20 ſquare feet; then wil each 
ſquare-foot imbibe 5 lbs. or pints of water in one-day. 
In addition to theſe inflances I will ſubjoin the follow- 
ing zeevunt; which was given me by a perſon of credit 

and judgment : A lad at Newmarket, a few years ago, 
havicig been almoſt ſtarved, in order that he might be re- 
duced de a proper weight for riding a match, was weighed 
at 9 &elock in the morning, and again at 10, und he was 
found to have gained near 30 ounces in weight in the 
courſe of an hour, though he had only drank half a glaſs 
of wine in the interval. The wine probably Rimulated 
hauſted by abſtinence, to open the abſorbent pores of the 
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imbibed a correſpondent quantity of water . Putt of 
the utility of medicated and vapour baths depenide” pon 
this of imbibition by the pores t and it is ſaid, 
that thirſt may be allayed — — LS 
the pores imbiding the water, and carrying it to the im 
mn. wetnply 
"With rege to-the quantity of water fuſpended in the 
—U— — actors, 

of 2 definite baſis, incumbent on any particular ſpot, it 
cannot be afcetained with | , unleſs we knew ſome 
method of the air of all che water it contains, 
and could at the ſame time make the at dif- 
ſeient diſtances Nen the ſurface of the" earth.” Fer it 


the farface ef the earth, contains, — 
different quantities of water, even at the ſame place, ac- 

cording as the ground is moiſt or dry, or the temperature 
of the weather wurm or cold: but we have great reaſon to 


kvlleve, chat u the ſatne inflane of time,” 2 cubic yard of 
air; hie touches the furface of the earth, contains 25 
much water ad three” or four- eudio- yards, which are fitu- 
ated at the Aiſtames of thirty or forty yards above it. For 
the water whith: riſes from the ſurſuoe of the occan, from 
the p 


bodies, whether vegetable or 
animal, or from the mere chen of the ſun on a moiſt 
earth, in being i®dived' in thi ulr 6s ſoon 36 ie ties, 
makes the air heir the ſurfaces 'heavier than that which is 
at # diſtance from ttt arid} on that account the motion of 
the air, unleſs tf be viotent; will net readily mix the lower 
and heavier uit*with the higher and lighter, and the lower 
air will cee me cotitain wore 'water7 in u definite 
higher. To what has, in a former Effay, 
bn ood on th oe, the" flowing — 
1 & : why 
as & 550 $9642 2% 
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may be added. If into a deep driaking-glaſs, half full of 
water, you gently. pour a glaſs of port or claret, you will 
fee the wine mixing; indeed itſelf flowly with the water; 
but that part of it. which is near the water will be much 
more impregnated, in any definite portion of time, with 
water, than the more. remote parts: it will be a confuder- 
able time before the water will be uniformly diffuſed, thro* 
the wine, if they are left undiſturbed ; nor does a gentle 
undulating motion ſoon. mix them: and this difficulty, of 
mixing them would be ſtill much greater, if there was a 
greater difference: in their reſpective weights, or if the up- 
per parts of the wine were leſs denſe than the lower. Now 
this is the caſe in the gir, which is not only above 800 
times lighter than water, but its, parts, which are far rc · 
which are contiguous to it. That deniſe air holds more water 
in- ſolution than rarchied air, is proved from hence: that when 
common air is rarefied under the receives-of an air pump, 
2 part of the water which is contained is precipitated, in 
the form of dew, This anſwers. to the precipitation of 
falt from a ſaline ſolution, when part of the water is taken 
away, which held the ſalt in folytion., Hence, as cold 
tends to render the air more denſe, it certainly contributes 
tits holding more water in ſolutiom than it would do, if 
it was: more rateſed ynder the ſame, degree of heat: but 
as hot air diſſolves more. water than cold air, and as air is 
rarefied by heat, is:35-eyident, that the gdenfity. and heat of 
the atmoſphere in ſorge [meaſure counteraR each other, 
with reſpe& to the power the air has in diflolving water. 
The law according to which this power varies, in diſſerent 
degrees of heat and condenſation, is not determinable 
rom any experiments, which have. yet hen made. 
n may not be npehper to take notice N Ibis place, of 


as objeftion which js uſually made to the doftrine here 
water being ſuſpended in the air by ſo- 
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hauſted receiver, where there is no air, as in the open 
air . It is certain, that heat will evaporate water, and 
great degrees of it may, probably, evaporate it faſter in 
vacus,” than in the open air, inaſmuch, as the preſſure of 
the air may tend to obſtruct the action of the heat, in con- 
verting the water into vapour. Thus, quickfilver is not, 
I apprehend, evaporable in the open air, yet it has long 
been remarked to be evaporable in vacuo, as may be col- 
lected from the little globules of quickfilver, 2 
found adhering to the upper part of a barometer, and 
which ariſe from the vapour which inſenfibly eſcapes from 
the-ſurface of the quickfilver in the tube. But though 
heat may be one cauſe of the evaporation of water, the 
attraion between air and water, upon whatever principle 
it depends, may be another. The fa& moreover, upon 
which the objection is founded, is very queſtionable, and 
not generally to be admitted. A china ſaucer which con- 
tained three ounces of water, loſt nothing of its/weight 
under an exhauſted receiver in the ſpace of four hours ; 


whilſt a fimilar ſaucer, containing an equal quantity of 
water loſt, in the fame time, in the open air, one drachm 


and cight grains; r n 


which a ſpeculative mind can be engaged in, but it re- 
quires great leifure and ability to cultivate it with ſucceſs. 
It ĩs not every diſtant hint which he throws out that can 
intitle a philoſopher to the credit of being the firſt framer 
of an hypotheſis; nor on the other hand are we haſtily te 
F in- 
aſmucli 


+ Bectia bien ek 396 
+ See Dr. . Philel. Trani · 
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aſmuch as we frequently ſee old opinions putting on the 
appearance of new diſcoveries, from their being dreſſed 
out in a new form. 

Natural philoſophy principally confiſts in exploring by 
experiment, the phenomena reſulting from the mutual 
action of different bodies upon each other. Theſe phe- 
nomena are innumerable, no arithmetic can reckon up 
the various ways.in which terreſtrial bodies may, by na- 
rural or artificial means, be brought to pperate on one ano- 
ther. To this cauſe we may attribute the immenſe number 


—— 2 — This circumſtance, joined to 
the uniformity which muſt ever attend the of 
nature in fimilar circumſtances, may juſtly intitle different 
men to the honour of having made the fame diſcoveries, 
it being much eafier to make an experiment, which may 
have been made before, than to read all that has been 
„ ———— —— — 
ances. 

— — 1697; propofer to the Royal 
Society, his opinion concerning the origin of ſprings > in 
this tract he expreſſes himſelf in the following manner: 
* The air of itſelf would imbibe a certain of 


aqueous vapours, and retain them ike falts diſſoloe in 
water, the fun warining the ait, and ruifing a more plen- 
tiſul vapour from the water in the day time, the air would 
ſuſtain à greater portion bf vapour; as warm water would 
hold more diſſolveit alta which upon the abſence of the 
fun, in the nights; would be all again diſcharged in dews, 
— P 
hquors 1 net It n 20872 
ae eee diSertation. on the fe- 
hability- of water in air, in the year 17513 among other 
experiments, by which he illuſtrated kis by pathos, fs 2 


©. a4 £ 
: 


p " £ © * * = ' * - ms 
* 1 ” F + * ©. G * : p 
An 4 6 bs > "IX CT. 0; 5 « 2 6- 2174 1 A 7 I nota 


$ PhiloC. Tranſ. No. 192. 


CHEMICAL ESSAY 


vellel, 
ſerves that if ayer et ns yy char 
* w neck, be cloſely 8 
with a narrow in the apparent ey aire. 
ee e Bly 
Ke Cr hv A and _ 8 
q being rediſolved by the air included veſſel, 
= the air regains its heat. a 
5 * paper was read before the 
2 in air, in a which ed i bh 
oel Society in 1756, and akerpacgs IE 
56, we 
25 publiſhed in 17 4 
r 1 ans 
oe bane. {oh mins gum rx 
EEE: 
s'attacher autour 8 ET 
une N —— 
2 n 0 
00 — e e 4 2 
lotion wig a yrizay pre charge par Ro * 
——— chaud et r 
dans un tems plus gs cle a vrem . 
lorſque = tenoit en diſſolut ion 5 ＋ * bh 
4 * nb 
of , evidently — % 
n and compares tothe ution 
of water in air, 0 4 
0 great many philoſophers had ken 
Maker? before Daffor Hamilten, yet 
vg * no one has treated 
— it muſt be owned, that e. 
in juſtice to him e e. bene, 
tothe ap nation of var — - 


Eranklin Elec, p. 182. en 
2 1 283. Fol. 
| Sint ca e, b 
1 


\ 
3 CHEMICAL ESSAYS. 


done, in an eſſay which was read to the Royal Society in 
2765, and aſterwards 


with ſeeing this principle illuſtrated in an eſſay by Mr. 
White, publiſhed in 1771, in the elegant collection of 
47 
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Of Gold produced during ——— of Water, and the 
Solution of Salts. | 


On the 27th of March 1779, when the weather had 
been for ſome time very dry, I put a thermometer into 4 
glaſs of water, which had been heated to 87 degrees, by 
ſtanding expoſed to the direct rays of the fun. The ther- 
mometer was then taken out, and its bulb was held oppo- 
fite to the ſun which ſhone very bright ; as the bulb grew 
dry by the evaporation of the water, the mercury in the 
thermometer ſunk very faſt; it continued for a moment 
ſtationary at 76 degrees, and then it roſe rapidly to 90 
ſo that 11 degrees of 2828 REEne ap: ths 
evaporation of the water. 

On another dy in the fame month, tas the hoes. is 
the ſhade was 68 degrees, I put a thermometer into a 
_ glaſs of water, it ſtood at 50 degrees ; upon taking it out, 
the mercury inſtcad of finking from the effect of 
tion, began immediately to riſe from the efſe& of the heat | 
ol the atmoſphere upon it. I put the thermometer into 


— by Hagh Hamiltes,. D. D;. FR. 8... 
+ Georgical Eſſays by Dofor Hunter. Vol. I. p. 3. 
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the ſame water, heated to 39 degrees, and taking it out, 
the mercury continued fationary for ſome time, and aſter- 
wards it began to riſe. It was put into the ſame water 
| heated to 58 degrees, and upon being taken out, the mer- 
cury did not either rife or continue ſtationary, but it ſurik 
one degree; when the water was heated to 60 degrees, the 
thermometer upon being taken out, funk three degrees 
before it began to riſe. Theſe experments were all made 
in the ſhade, and it ſeems as if we might conclude from 
them, that 57 was the degree of heat in the water, in 
which the cold produced by evaporation, was juſt equal 
to the heat produced by the atmoſphere which then ſuc- 
rounded the ball of the thermometer. 

The degree of cold produced by evaporation, depends, 
probably, upn the quickneſs fwith which that is accom- 
pliſhed :- nom the quickneſs with which water, of a defi- 
nite temperature, is evaporated, | is influenced, partly by 
the degree of heat ing in the atmoſphere ; partly 
by the wind blowitig upon the thermometer; partly by 
8 and by other cauſes. 

September zoth of the ſame year, when the heat in the 
ſhade was 64 degrees, and the heat of the water 60, the 
thermometer upon being taken out, ſtood ſtationary for 
three minutes, and then it roſe ; there was a gentle fouth 
wind. On the next day there was a cold dry wind from 
the north, the water and air were bothat 56 degrees, and 
the'thermometer on being taken cus ſank te 52. | 

Spirits of wine, ether, and many ather Suids, produce 
cold by being - evaporated, and they produce a much 
greater degree af cold than water, in conſequence, pro- 
bably, of their being more evaporable. Thus, vitriolic 
ether , which is one of the moſt volatile ffaids in nature, 
has been obſerved to lower Reaumur's thermometer 40 de- 
41 grees 


ther is made by diflilling a mixture of the ſpirits of wine 

and oil of vitriol,—Ether may be made alſo by diftilling ſpirits 
of wine with the ſeveral acids of nitre, ſen ſalt, and vinegar, 
and it is then called the nitrous, marine, acetous ether. 


grees below the freezing poins (mhich anſwers to go degrees 
of Fahrenheit's ſcale)þ. The experiment is moſt 
diouſſy made, by applying a piece of fine "akegs #2 
with ether upon the bulb of the thermometer, accelerating 
the evaporation. by blowing on the linen with a bellows, 
and the linen as it becomes dry, or exchangi 
it for a freſh piece which is wetted with, ether. Wh 
attempti to aſcertain the degrees of cold reſpectively pro- 
duced by diſſerent fluids, . 
cumftances, as well as to its heat. 
| Sailors have a cuſtom, in a calm, to. hold a wet finger 
up into the air, and if one fide of it, in drying, Cn it 
colder. than another, they expect wind from that quarter. 
This cuſtom is not witout its. foundation. for an almoſt 
inſenſible motion of the air, — — 
produce a degres elan 
There is a ſimilar experiment, * 
n by rapamtion ; ict 
bim wet a finger by putting it in his mouth, and then hold 
it up in the air, even in a warm room where there is no 
al als mn 
dry by the evaporation of the humidity. 
| een 
liquors, is to wrap a wet cloth round the bottle and ſet it 
in the land wind: and, what is very remarkable, it will 
cool much ſooner by being expoſed thus to this burning 
wind, than if you take the ſame method, and ſet it in 
the cold ſca-breeze d.. The cold is produced by the 
evaporation of the water from the wet cloth, and as the 
bet land- wind will ev#þorate the water ſooner than the cold 
2 it 1s not to be wondered at, that the liquor 
is 
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tolerable cold, which wauld hecowe fatal to-them; if the 
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it may chance to be colder to the feel of the 0 
Every thing in this proceſs is calculated to or cold by 

evaporation; the bed on which the pans arcyplaced, fufers = 
the air to have a free paſſage to their 3 ang the 
pans, in conſtancly oozing out pater to their external fur- 
face, will be ** ION ms 
evaporatcd by a gentle ſtream of warm dry airs the power 
— . ene Or PART DINER 2p 
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:  "Phey have a kind of carthen jar in ſome parts of 
| Spain, called Bures, which are only half baked, and 
"the earth of which is ſo porous, that the” outfide-is kept 
' moiſt by the water filtering through; though placed in the 
- fun, the water in the pots remains as cold ar ice f and it 
probably is colder from the jar being placed in the fun ; 
decauſe the eyaporation is thereby increaſed. 
The Blacks at Senogambia» have a br method: of 
cooling water. % Fhey fill tanned leather bags with it, 
and hang them up in the ſun': the water oozes more or 
leſs through the leather, ſo as to keep the outward ſurface 
of it wet, which, by its quick and continued evaporation, 
CNET I EE CE ee 

— croughtbe tutnwring progle, in the height 
of ſummer, to drink ſeveral quarts of beer or other de- 
verage in a day. This quantity is principally diſcharged 
from the body by perſpiration ; and the cold. which is ge- 
nerated during the evaporatioh of the ſweat, greatly con- 
tributes to keep the body cool. Thus has Providence 
contrived to render the heat of (he torrid-zone leſs inſup- 
portable to the inhabitants: an intenſe heat bathes the 
body” in ſweat ; but the ſweat being evaporated by the 
fame heat which occaſioned it, a degree of cold is gene- 
ICTs aac. 
wiſe have been produced. - 

e ee d t>-ttribute the cabs; 1 


dudi® ne a eee r ce e che 


evaporation 
becauſe when the bulb of a thermometer is wetted with 


different fluids, the cult produced has a manifeſt 
aver un the ity of the fluid with which it is 


meter is wetted with!) ſpirits: of wine, than when it is 
wenes with water, becauſe ſpirits of wine ate more-eva- 
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of the water, rather than to any other cauſe ; 


= "£44 


CHEMICAL ESSAYS 2s 
rr 


rr 
of a fall from « conßderable height, the air will diflolve it 


* 


a 


FIVE 


| 


; 
| 


-E 


| ESSAYS 
CALES 
— 8 
— EI 
by 


kfilver, 
covery of freezing quic 
„ by pub- 
— of this matter 
king «tal ofthe degree of cold produced during the 
evapo at ee Gre a war cr och 
but more mon! 
is generally produced, commonly 


equal of water with 
portions 

1 ammonise, — e 
duced . xroduced only two de 
e 
F dl Lp 


07 "Nh pg: e tn 
pres ef 


=_ — and 1746... 
$747 
IN Novi OY 
Effeys, Phyſical — ; 
4 2 ID 233 1833 — 15 
1 


CHEMICAL ESSAYS: * 


ſakpetre agree very well with thoſe made by 
and mentioned in the Berlin memoires for 1750; 


= 
produced almoſt 2 7 degrees with ſal ammoniac, and 18 


with faltpetre. Boerbaave, indeed, made the thermome- 
ter deſcend through 28 degrees by diſſolving ſal ammo- 
niac in water ; but he had reduced his ſalt. to a very fine 
powder, and dried it well before he uſed it; and a differ- 
ence in the fineneſs of the powder to which the ſalts are re- 
duced before they are diſſolved, may make a difference of a 
degree or two in the cold produced j; ſor the finer the ſalt, 
the more farfacc has the water to ad upon, and the quicker 
will the ſolution be and as the cold is pro- 
duced only by the act of ſolution, the ſooner that it is ac- 
—— the lefs effect will the heat of the atmoſphere 
have; in teſtoring to the water, during the time of the 
ſolutions any part of the heat n may have been deptiyed 
of, during the . 
ſalt. cus: nnd lie ui 
Does amy given kind of falt; ducing-its, ſolution. i in 
wer, produce the ſame number of degrees of cold, what- 
ever de the of the water before ſolution ? I 
have only | chdeavouret} to reſolve this queſtion with re- 
ſpeQ' ts ſal ammdotiae ; and it ſeems to me that the quan- 
tity of cold produced, is not" influenced by the tempera- 
rature ef the water. In the futnmer ſeaſon, when the tem- 
perature of the air, water, and ſal ainmontc were each 
of them 10 degrees, ihe water frink during the ſolution, of 
as much ſal #nmonizc as would ſaturate it, to 44 degrees, 
or through 25 degrees. I thawed ſore ſnow in winter: 
the thermometer ſtood in the ſnow water at the freezing 
point, of ut” „ 1 348 ammoniac, 
Which was equally cold, water, the thermometer 
deſcended during Shin to Er degrees, or through 26 
degrees. 76-4 MOOS © 3 wp St 3 „ =o > 4 | 
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— that the 
heat of the atmoſphere remains the ſame. he di 
degrees of cold produced by different fals, do not de- 
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fradit. Initiates nos eredimus, inveſtibulo jus bere- 
mur. arcana non nec omnibus patent; reducia 
ei in inferiore ſacrario clauſe ſunt. Ex „ 
. 2 8 
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HE neee dicks nee thee; * to 
— — water glaſſes, and other veſſels 


filled with water, cannot have eſcaped the obſervation of 
any one; 1 have endeavoured to aſcertain the degree of 
heat in which theſe bubbles begin to be formed. 

. 


— — 2 i | 
eee e of the veils cam- 
taining watery Hiadded wich bubbles, when the heat, it 
was apprehended, was much leſs than 90 degrees; I put 
« thermometer: into a water glaſs at a time when it 
abounded with bubbles, and found that the heat of the 


water was not above 64 degrees. 
2 The 


as CHEMICAL: ESSAYS- 


"The tefult of this experithent being very r W- 
that of thł prevettinis, n Anet boem begin 
ſeparate itfeff from the watet till the — 
degrees, I was for ſome dme at a lob ho de dechünt for 
the difference; recollecting, however, that the water 
which required go degrees of heat before it parted with its 
air, was from a well fed by a which had 
ron ee water, 
which let go its air at 64 degrees, was pumped from a well, 
fed by ſubterrancous ſprings, 1 attributed the difference in 
their air, to the diſſtrent qualities of the waters. 

In order to try theſe waters under fimilar circumſtances, 
two water glaſſes were filled, one with common w 
ter, another with that which bad been -fipplicd 5 
ſtream; on being expbſed to the air, bubblts began to be 
formed in the well water when the heat amounted to 6b d 
grees, the other did not rr 
ſame degret of NE... fe e 
1 I as at — that — 
pointect out a general difference between river water and 
well water, with reſpect to their diſpofitzom-for retaining 
or parting with their airs but the following experiment; 
made at a different ſeaſon of the year, convinced - me thr 
the conjeture was not well founded. _ {1s io ohh 

In November when the heat of —— ho: for 
ſome time about 50 degrees; E took three water glaſſes ; 
fallen; ancther with the cuinmon well watery tha third 
with the water which came from the ſtream; the heat of 
theſe ſeveral waters wds. the ſame; namely; 48 degrees ; 
glaſſts in hot water; and they all began to exhibit bubbles 
when the heat was abet 6e dgrees3 I thought the rain 

witers ſheved the moſt bulbbles © 7 bob 
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len N is Phain, that the ſiteaiy water dees AGE det 
trom tuin or well water, except ueeidentaſly;/ 49 d t AE. 
gree of heat In which it parts with ievaier The SAFER 
riment, in whith the bubbles wete gt formed till the heut 


| Says of very hot weather, and the water in being expoſed, 
duting its courſe; to the aten bf the ſun, had, probablyz 
tt a conufitietdble portion of ite ir before it afrived it 
the well. All tivet watet has a vapid taſte in — 
which is in part, probably; oecaßemed by having Toft fe 
of its air, in conſequence of its being Expoſed th the rift 
of the ſun. Wit Eritikets ate deftröut of having wie? 
frech froth the weltz eipteially in Tulthiner time; und net 
Fithodt teafoh : for the heat itt that Tealori being general) 


was 90 degrees, was made after there had been ſevellt = 
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fiſt; and becomes leſs and leſs powerful, as the water be- 
 comes-more and more impregnated with air. Theſe and 
fumnilar obſervations render it probable, that water is capa 
ble of diffolving a cextain portion of air, as it is of diſ- 
folving a certain portion of any particular kind of ſalt. 
of air, which water is capable of difſolving 


ſphere, and partly, I conceive, upon the water” 

From theſe circumſtances, as well as from ſome others 
which might be attended to in making the experi- 
ment, it has happened, that authors have given very dif- 
ferent, accounts of the quantity of air contained in water. 
Boerhaave has an experiment *, from which be inſers, that 
may be evaparted from water, a quantity of air equal 
balk tothe water ; the experiment is ingenipuſly contrived, 
but the. concluſion, I think, is liable to ſome: objections. 
The Abs Nollet ſays, that water which has been previouſly 
purged of air, abſorbs, in fix days, one. thirticth of ite 
bulk... Declor Hales obtained by diſtillation one cubic 
inch of. air from. fiſty-fapr cubic inches of, water g. Me. 


EA o opinion, that the portion of air contained in 
water docs not exceed the 1 5th part of its bulk . Dr, 


2 — po 
days . qne-twent y-eighth, of its —— 2s 
am 1 degree 
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of heat, and when the barometer is about 29h inches, wa- 
= abſorbs about one-fortieh of its ww ONS. 

. 
renne een 
ſdbevical air conſiſts, in part,/ of fixed '2ir3- mich-fome' vl 
rical air were there mentioned. If a bubble of atmoſphe+ 
rical air of a definite bulk, ſuppoſe it equal to eleven pints; 
be expoſcd to the action of a ſufficient quantity of water, 
which has been purged of its air by boiling, the whole of 
the bubble, will, in a proper length of time, be abſorbed 
by the water; but when about ſcven- pints, or even 2 leſs 
portion, have been abſorbed, the remaining part will re- 
ſemble fixed air in this chat a candle will not burn in it |. 
It is very probable, that water which has not been boiled 
may. have a fimilar effe& under certain circumſtances ;— 
The wells at Utrecht are from $ to 20-feet in depth; it 
bas been the cuſtom to make uſe of pumps to raiſe the wa- 
ter, and they are then covered over with a kind of arch. 
When, after a certain period of time, the wells are opened 
on any account, it is neceſſary to leave them uncovered for 
12 hours, before any perſon deſcends into them; whoever 
ſhould venture to go down into them ſooner, would expoſe 
himſelf to immediate death. The air of theſe wells extin- 
guiſhes candles like that acquired from- fermentation or ef- 
ferveſcence”. + — Stagnating air, which bas brooded; 
though but for a ſhort time, even over running water, is 
found to be fo greatly altered in its quality, that it will en · 
 tinguiſh flame, though it be ſufficiently pure to ſupport 
animal life, I was inſormed of this fat by 4 miner in 
. N his own 
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experience. In order to free a mining diſttict from water, 
they frequently dig for miles together ſubtcrrancous aque- 
ducts; ſupporting the fides and roof with timber or ſtone. 
The mduths' or dutlets of theſe aqueducts or faughs; being = 
below the level of the diſttiQ to be drained, there is a con- 
ſeakt ireant of watef flowing thro? them. Theſe /oughs arc 
miſny of them high enough for a man to walk upright in 
them; the water reaching to his middle or higher z. and 
front ane end to the other, in order to prevent obſtructions; 
it ſonictumts, however, happens that by the falling im of the 
walt or other acvidentsy the ſougb is in patt datamed up: 
hei this ig the eaſe; the watet beyond the place where 
the: obtrudion. is, rifes to the rovf of the ſoogh, and thus 
prevents 4 circulation of air, though there is ſti} 2 dif- 
charge of water through the mouth bf the fough. When 
an atcidene. of this kind happens, mem ate fent with cart- 
dies in their hand to find out and remove the obftruftion, 
due defore they hade walked fifty yards from the month of 
the foogh; the catidies go out; though they perceive: #16 
dilfieutry-n: beating; and this exctindion of the candies 
en, 

* aa rob ag of el 
- | brthbeit; Bocrbaae, 56d othet pit bete, bad ob- 
Revert: that the degree of heats vehuiffit to make Water 
bil, was vatiable:accarding to the: purity of. the water 
andthe weaght uf the atmoſphere. : Within the uſdal li- 
mus 'of 19 and g3i anches in the baromuter, Boerboagve was 
of: ppihion *; that ther would be 2 varidtion in the heat 
of boiling wedtcfy aubuiiting- to tight-or nine degrees. 
The ſubje@ havof late btrm exainibed with great accs- 
racy by Mr. de Luc, and Sir George Shuckburg 3 and Mr. 
3 IITnte = the 
ts the ſcale of 
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very top of the ſtem, I corked it with a common cork as 
cloſe as I could. The water and the cork were at firſt 
contiguous to each other; but ina very little time the 
water began to grow cold, and as it grew cold, it con- 
trated itſelſ and funk very viſibly in the ſtem ; and thus 
the firſt intention of the experiment was fully . anſwered. 
But an unexpeRted phenomenon preſented itſelf,—the wa- 
ter, though it was removed from the fire,—was growing 
eoiwetindine fre time ——— | 
began to boil afreſh very violently, the bubbles were 
large and numerous, and continued to aſcend, into the 
ſpace between the furface of the water in the ſtem, and 
the cork, where they burſt, for above two hours. When 
a hot iron was applied to that part of the ſtem, through 
which the water, in itſelf, had deſcended, 
— preſently ceaſed ; it was renewed when the 
won was removed ; and it became more than ordinarily 
violent, when, by the application of a cloth dipped in 
cold water, that part was cooled. There is no great diſſi- 
_culty in for theſe ſeveral appearances : by the 
finking of the water in the ſtem a kind of vacuum is left be- 
tween its ſurface and the cork ; water and other fluids 
boil with leſs degrees of heat, when the prefſure on their 
ſurface is diminiſhed ; here the preſſure of the atmoſphere 
E and the water 
continues to though its heat be conſtantly decreaſing. 
The interval between the water and the cork is not, as 
will be ſhewn preſently, a perſeit varuum ; it is 
either by the vapour of the water, or by a ſmall portion of 
air, or by both ; heat increaſes the elaſticity of both air 
and vapour, and thus augments the prefſure upon the ſur- 
face of the water 3 hence, the ccafing of the ebullition on 
the application of the hot iron ; cold diminiſhes the elaſti- 
city of air, and condenſes vapour; and thus, the preſ- 
ſure upon the ſurface being leſſened by the application of 
. 
| violent. 
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violent. When the water ceaſed boiling, I poured it on the 
bulb of a thermometer, and found that mm 
130 degrees. 

rr 
mentioned. When the water was become cold, it had 
funk through the whole ſtem, and through part of the 
bulb ; I then inverted the veſſel which contained it, into 
a tub of water, and obſerved upon the bottom of the bulb 
a large circular ſpot void of water. I confidered this ſpot 
2s a perfe& vacuum, for it anſwered to the ſpace which 
the water, in contracting itſelf, had deſerted; and the 
vapour which, whilſt the water was warm, might have 
been ſuppoſed to occupy that ſpace, I was perſuaded, was 
condenſed by the cold : in order to fee whether it was a 
vacuum or not, I pulled out the cork, whilſt it was under 
the ſurface of the water into which the veſſel was inverted, 
being certain that if it was a vacuum, it would be inſtant- 
ly filled with water, which the preſſure of the 
would make to aſcend through the ſtem. In fact the circular 


of the cork,” or from the air in the water of the tub, that 
water having not been boiled ; or it may have been in- 
_ tangled in the parts of the boiling water, as it was 
poured into the veſſel, and not have had time to eſcape 
before the cork was inſerted; or, laſtly, EY 


— wu ary eren Muſchen. 
. de Aqun. 
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2 improbable conje ure, that the animals which 
in. this occan of air, would periſh if it contained no 
— The air, moreover, by being abſorhed into the 
water, and afterwards ſeparated from. it by the action of 
brig to which it is daily expoſed, is _ abun-. 
iy more fit for animal reſpiration than common air z 

and this purified air, (the quantity of which, . 
the great, extent of the ſurſace of the earth which is co- 
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country, would ſometimes, in cold weather, be {6 hard 
that men walked upon it, and that it would bear an ele- 
— was eſtermed a perſon unworthy 
of credit, the king, 2s Mr. Lie relates the ſtory 3, faying 
to him, Hitherto I have believed the ſtrange things 
—— — becauſe I look” upon Fn ſober 
mat, but nom Lam fure you lie.” $824 
Mabine,” the native of Borabera, could ſeareely de per- 
faaded, even by the information of his ſenſes, of the rea- 
lity of the ſame effect. The appearance of ©* white ſtones,” 
as he called tail; which melted in his hand was altogether 
miraculous to him; and when he had been with difficulty 
convinced that an ext<nfive field of ice was not common 
land, he was determined at all events to call it “ white 
_ IR nnd} 
This detevhination of the ſavage was made in the true 
ſpirit of philoſophy, for ice in ſmall particles, is a ſpecies 
ne and in ſolid maſſes it may be conſidered... as 2 
arent ſtone. Th e ſays. Job, I ſpeak- 
1 of froſt, a bid with 2 fle; that is, 
water conceals its nature, 1 
neſs and conſiſtence when it becomes ice. The R 
applied .ice to the ſame p # with ſtone, at the rw 
fical marriage of In 1739.3. an, houſe, 
CEE OE Sy EO es 
of ice, the furniture of. the apartments, even to the nup- 
N 
tars, ' which wers fired in honour | 
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tion of its weight when expoſed to the open air, in the 
greateſt degree of cold. It becomes fluid in the 
33d degree of heat, as indicated by Fahrenheit's thermo- 
meter 3 and Mr. Boyle, by expoſing in a good balance 
ſome what leſs than two ounces of ice to a ſharply freezing 
air, a little before midnight, found it in the morning 
diminiſhed in weight ten grains. || It is probable, that 
this dimunition of the weight of ice, is owing to the abra- 
fion of its parts by the action of the air. The patticles of 
air are thought to be larger than the particles of water, 
and may by their motion acquire force enough to ſeparate 
the particles of ice ; or if this ſhould not be admitted, ' it 


3 
3 Þ 


#5 


minute parts of the fame kind of bodies ; diamond 
being eflentially neceſſary for the cutting or poliſhi 


That water was diminiſhed in quantity by being 
zen was known to Fippecrates ; for he exprefly fays, 
if a given: quantity of water be. frozen, and 
thawed, it will not fill the ſame veſſel it would have done 


1 


1 Bople's Works, Fol. Vel . . 6. 
$ Hamilton on the Aſcent of Vapours, p. 71. 
®* Hippoc. de Aqua, 
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Hippocrates, and they both of them attribute this dimi- 
nution of weight to the ſeparation of the more ſubtile- parts 
of the water during congelation.+ The principal cauſe 
of the loſs of weight, ſuſtained by water when changed 
into ice, - ſeems to be the inceffant action of air upon its 
ſurſace 3 it is true, however, that water is, by freezing, 
deprived of the greateſt part of the air with which, in its 
fluid ſtate, it 1s ordinarily ſaturated, and this ſeparation 
of its air may contribute ſomething towards the diminu- 
tion of the water's bulk ; ſince water when ſaturated with 
2 is ſomewhat greater in bulk than when deprived of it. 

Ie is eaſy to apprehend, that the loſs of weight which 
—— ſuppoſe a cubic foot, of ice will ſuf- 
fer by expoſute to the air in a given time, will depend, 
partly upon the hardneſs. or ſoftneſs of the icez partly upon 
the temperature of the atmoſphere, wit h reſpect to the de- 
grees of cold and humidity, partly upon the velocity of 
the wind which bruſhes its | ſurface, and probably enough 
upon the agency of other cauſes'with which we are leſs 
acquainted. - Some philoſophers have eſtimated in general 
terms, the loſs of weight ſuſtained by a certain weight of 
ice, without ſpecifying the magnitude of the ice's ſurface ; 
others, with more accuracy, have mentioned both the 
weight and ſurface of the-ice-expoſed to their, but then 
they have either omitted to ſpeak of the ice 5 
the temperature of the atmoſphere; the ſoret aud direc- 
tion of the wind ; or they have expreſſed themſelves in 
very indefinite terms concerning theſe pos, ſo that we 
cannot be ſaid to have hitherto gained, from their expe- 
rimenta, any preciſe / information upon the ſubject. As 
to the fa& itſelf, the moſt common obſervation is ſufficient 
to afcertain us of its truth. In long continued frofts,” the 
ice formed in ponds and other ſmall collections of water, 
„ 24 —— 
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rated ;' and fall of ſnow may be ſeen confderably waited 
in a few'days,- in the ſevereſt ſeaſon. | 

Notwithſtanding this diminution of weight, to which 
both ice and ſnow are ſubject in the coldeſt weather, and 
the thaw which they experience-in the hotteſt, yet ſome 
have doubted whether the quantity of congealed water, 
be not an increafing quantity upon the ſurface of the earth; | 
and have even thought, that the globe of the carth muſt”. 
in proceſs of time teſemible an egg, having its diameter 
from pole to pole, longer than the equatorial diameter, 
on account of the conſtant accumulation of frozen water 
at the two After fo many years lapſe it cannot 
be, I think, but that the diameter of the earth from pole 
to pole, from the top of the ſnow at one end of the earth, 
to the top of it at the other end, is much longer, than in 
any part under the equator, „en ao 
(as I believe) made ſpherical.” + 

In ſome mountainous countries, 8 
the ſnow: which falls at one ſeaſon of the year, and that 
which: is diſſolved in another, approaches ſo near to an - 
equality, that upon the ſame ſpot, the ſnow may in one 
year be ſeen quite through: the year, in another, the laſt 
ſpeck of it will vaniſh in a few weeks or days, before a new 
ſupply is brought by the approach of winter. In colder 
climates, the utmoſt power of the ſummer fun is not able 
to melt all the ſnow which falls in the winter. In afcend- 
ing mount Zina, the Alps, or the 4ndes, though the low- 
er parts are found to be rich in vegetation, yet you ſoon 
come to a region covered, as it ſhould ſeem, with ever- 
laſting ſnow :" the height at which this region commences, 
does not adiniit much variation in the fame latitude, but is 
very different in different latitudes. It begins at the diſ- 
once of e Or RL A under 

equinoQial line ; and at each pole, probably, it is 


ace en th fx! fo may hundred feet ; it is 


1 ng > 2 


3 CHEMICAL ESSAYS 


r 
Nee ha _ 
gt only th rope of digh montane im overy quarter of 
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thence both 

of it be more ſnow ought to fall, Rk 
ir be melted.” + If tha by admitted, the time will 

doubeedly come when the ſe wil be diminithe in dept, 
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daily 2 22 9 „„ and had the is 
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bee. as old as ſome are fond of ſuppaſing it tobe, we | 
ſhould, probably, have had no water upon its ſurface at 
the preſent day. However, it muſt be owned that no ar- 
gument can be drawn. againſt the antiquity of the world; 
from this confideration, becaufe there is reaſon. to believe 
I Cn 
not annually increafing in quantity ; for, befides the - 
of the air in ſummer, n 
to prevent an indefinite augmentation of congealed wa- 
ter the internal heat of the earth. The general heat 
of the ſprings of water, fituated deep in the bowels of the 
earth, is 4$ degrees; in mountainous countries I ſuſpect 
i to be ſomewhat leſs, but ſufficient, norwithſtanding, for 
the purpoſe here mentioned. "When the ſnow, incumbent 
on any ſpot of ground, is but thin, it may fo far cool the 
earth, that its-intermal best muy not be able to'tifſolve it : 
| but when che ded is thick" enough to protect the earth 
from the influence of the armoſpherical cold, that ſurface 
of the ſnow which is contiguous to the furface of the 
carth, may, even in the coldeſt winters, receive more heat 
from the earth than it does cold from the atmoſphere ; 
and, on that fuppofition, Ter no ede i admiring 
that it'may'be tee at u ſeaſons of the 

The d I beliere is ecithin, that firedine of water iſſue 
bern we deten of ue Ster, in the Ig, i the greae- 
A ſeverity of winter f ſo that whether the internal heat 
Kreer 
which is contiguous to the ſurface of the carth 

cannot be denied; and this, ns be or 
| "The an 20064 Trike AE Chana,” ith 
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miner, who aſſured him, that on contiguous 
br armory ſnow was obſerved to diſſolve much 
fooner on the foil which covered limeſtone; than on that 
which covered freeſtone. If theſe obſervations may be de- 
pended on, we may, perhaps, in general infer, that the 
heat of calcareous ſtrata is greater than that of other kinds 
of ſtrata : and this would furniſh a reaſon for the ſprings 
22 IRR 5 DR ones 
ordinary heat of ſprings be not above 48 degrees. | 
In the middle of ſummer, when che air was 72 degrees 
hot, I tried the heat of ſome ſprings at Harrowgate in 
Yorkſhire. Pump water at the Granhy Inn 48 degrees — 
Old Spaw 48 degrees.—Pewit or Tewit well 48 degrees. 
Sulphur well 50 degrees. The cold well af Buxton, ex- 
amined at the ſame time of the year, s 48 degrees; 
— — 
in Flint- 


— — 
. ce eres the Tt of 3 
54. degrees, the mean of which. is FI. Springs on the 
fides of high mountains may, probably, participate of the 
cold, which is found to be greater in elevated than in low 
fituations, There is à ſpring by the fide pf the turnpike 
ood. leading over the high ground coo tony Fhewn, in 
Yorkſhire : l obkerrel ts how Hen 2h 
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l have mentioncd the Sz/phur well at Harrowgate, ac- 
ding to its uſual appellation at that place, without 
taking upon me to decide the long controverted queſtion, 
coneerning the exiſtence of ſulphur in that and other waters 
of the ſame Rind. Sub has been long eſtermed a 
mineral body very common to be met with in waters; and 
bling that of a foe! gun, have been eſteemed to be more 
or leſs unpregnated with ſulphur. However, Dr. 
feemg.to doubt much of its cxiſtence in the greater num- 
= waters and Dr. Lucas has affirmed, that it is 
nete found in the form of ſulphur in any water what- 
ever; mot even in that of Aix lo Gebel, where 2 truc 
and perfect ſulphur is found on the upper parts of the con- 
<duits, through which the water paſſes ; for he ſays, that, 
ſtrictly ſpeaking, theſe waters do ndt contain ſulphur ſub- 
Rantially diffolved in them ; but are impregnated with a 
Phlogiſton and an acid, the principles of ſulphur ; which 
being in a volatife ſtate are ſublimed, meet on the ſurface of 
Pur, which did not naturally exift in the water.” + The 
author, from whom T have made this extract, informs us, 
that Dr. Rutty maintains the exiſtence of fulphur in mine- 
ral waters 3 and that both Dr. Show and Dr. Sbert found 

fulphur in Harrowgate water. Notwithſtanding 
n phyficians, the 
a 


ance of the Harrowgate waters, 
k | of | 


meet 
the ap- 


c p at 


; ſcraped off a portion of this cruſt, and putting 


| nation of fulphureous waters in general. 
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at the bottom of the well, as mentioned by Dr- Nel.” $ 
»—| beg leave to add my own obſervation of the übe, 


which I made in 1980. The water im the well wet ne, 


circular ſtone baſon; a whitiſh cruſt adheres to the ſtone, 
where it is. to the furſace of the water z'T 
it on 4 
hot iron, I found that it burned with the flame and fell of 
ſulphur. I do not think that this experiment abſolutely 
. 
in this and other waters generally denomi bl 

ous; we juſtly infer from it, that ſomething "Y 
from the water, which either of itſelf is ſulp ]] m 
in conjun@tion with the air, or ſome other in „on- 
ſtitutes ſulphur. 

2 of ohis Gebjet wonkh-lied6x Dingle: 
tions too abſtruſe for my defign ; the following experiment, 
however, which I have frequently made, will, I hope, 
JJ. e 


The ef vitrioldoes not aft upon the commen Dev- 
w land cre, cxcegt when it-is allied dy dend, rden 
diſſol ves it, and a great eſcape of air is obſerved; I made 
this air, as it was diſcharged from the ore, paſs through 
a high bended tube into a bottle full of pump water: the 
water, in a very little time, acquired the fetid frei of 
Harrowgate water, ita taſte was the ſame as that of ſuch 
waters as contain no ſalt, it was 

„ but in the courſe of 24 hours it became chad 
and loft moſt of its ſmell, it did not ſuſſer any freeqpitation 
by the addition of the acid of vitriol, . was Hr 
both by being put into this water, and by being expoſed to 
the vapour which aroſe from it; form theſe circumfiances, 
. be called an artiſciai ſui- 


SE LR ER 
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ving 
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de Gondenfed in water Or is it not mote probable, that 
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having placed a bottle, containing black jack and acid of 
Fitrjol; ſathat its neck leaned againſt a plaſtered wall, I ob- 
ſeoved;-foric days afterwards, that the wall was ſtained; 
tothe diſtance of. above a foot from the mouth of the bot- 
tle of a purple colour, — ————— 
— veth. - | 
Air of the kind here fpoken ef inn) eee en 
ate; ſubſtances, as well as from led ore and black jack, 
and by other meas, as well as by the acid of vitriol; and 
it - ſrexms very probable, that the waters uſually called 
- falphareoys, arc - inipregnated with this kind of air, 
which has been ſeparated, in the bowels of the earth, from 
particular minerals, eſpecially ſulphurtous ones. It has 
been remarked of harrowgate water, that as it ſprings up 
1 fois r Wn" 
bubbles.  - 
3233 aenands ws. rn 
renn che acid of vitriol, a part of the 
glaſs tube was coated with a thin pelicle of ſulphur, which 
had accompanied the air in its aſcent z May not the ſul- 
phur ſublimed from Harrowgate water, have accompanied 
the airl which gives it its ſmell ? Is it certain, that bi. 
Lund ef air does not confiſt of attenuated parts of ſulphur, 
which: have an (elaſtic force, and which cannot 


this: kind of air is one of the conſtituent parts of fulphur 
than fulphur itſcif-?'' Does this air, and the inſiammable 
n 
acid, confiſt of oleagenious particles in an elaſtic ſtate? 
—— — —— whtcr-WAK 
che ſulphureous prpperties of Harrow gute water, be may 
d iu the "following fimple manner: Into an apothe- 
_ caty*s-yial, holding four or ſive ounces, put ſome pounded 
lead ore, and pour upon it ſome acid of vitriol ; (there 
is n cccafion to be folicirous about the proportions of the 
EA r 
Zaun 
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acid can diſſolve, till air enough for the purpoſe” wilt bs 


diſcharged) wrap a ſew folds of wet linen round nt end 
of a bended tube, inſert this end into the neck of the vial 
ſs 'clofely, that no air may palf out of the vial, "except 
through the tube; the end of the tube ſhould be at ſous 
diſtance from the ſurface of the acid. Put the other 
6f the tube inte a bottle full" ö water, then, by ſetti 
the vial on the hot bar of a grate; or by ſome other 
means, heat the acid, and as ſoon. as.it is heated, it wil 
begin to act on the lead ore, and a great quantity of ai 
will be diſcharged, which will paſs through the tube into 
che water in the bottle, and in 3 the water 
will be ſtrongly impregnated with the falphureous r 
ties of e des its fulphurtous Ns ow 
pregnation, Harrowgate water contains fea falt; and molt 
| other ſulphyregus waters contain ſome ſalt or other; {6 tha 
to make a compleat imitation of thepn; the ſalts WIe 
they ſeverally hold fliculd be added im dur proportion; ts 
the water impregnated with the air here ſpoken of. 
Though I am greatly diſpoſed to believe, that fulpbure- 
taſte, aſter thy manner I have-deſcrihed; yet to affiſt the 
reader's conjeures ni 
nation, I will mention another way in which it may be 
ſappoſed to ariſe, I which will agpouge for the faline 
taſte as well as the'fmelf of the Water. 
I know not whether any ſpecies of 
aining ſca ſalt, wil 


Jalid i 21 at W li i dne vt dr 
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rr 
great quant it common ſalt, but 
Sr by which, . — 47 am 
it acquires both the ſmell and ſulphureous taſte of Harrow- 
gate water; and by which it is cnabled, like that water, 
to blacken filver and white paint. 

"This ſomething 1 am ſenfible, may be what chemiſts 
call liver of fubpbur, or an union of ſulphur with fixed 
and it would not be difficult to explain its forma- 
during the combuſtion of the ſea wrack ; no fulphur, 
however, can be precipitated from the water by the acid of 
vitriol, though that acid turns it, as is the caſe with Har- 
rowgate water, « little cloudy. The air extracted from 
wy the acid of ſea falt, impregnates water with a 


* The ſublance of this EI was printed in the Per 


Tran, 1768. | & 
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Suppoſe that a cubic foot of lead ore, which cortained 
no ſpar or other extrancous matter, would weigh $08 
ounces,” and that a cubic foot of ſpar, which contained 
no lead ore or other forcign ſubſtance, would weigh 4700 
ounces, then would a mixture, conſiſting of a cubic ſoct 
of pure lead ore and a cubie foot of pure ſpar, weigh 
10500 ounces, and one cubic foot of fuck a mixture would 
| weigh 5250 ounces. It is obvious that according to the dif- 
ferent proportions in which the particular kinds of ſpar and 
lead ore here aſſumed are to be mine together, a 
cubie” foot of the mixture will different weights, the 
limit of which are on the one hand 800, and on the 
other 2700 ounces z it never can weigh ſo little as 2700 
ounces 3 for then it would conſiſt intirety of ſpar without 
any lead ore ; nor can it ever weigh {6 much 88 7800 ou 


Merrell ake eee nba 
r 8 
netul, though not the univerſal cuſtom in 
mode able to ſome ereeption; een . commaning 
any definite meaſure, muſt have different | 
cotfifg as the ore - with which it is filled is more or — 
bree from ſpar Amid ie is” ſcarce poiſible, by repeated 
dreſlings, to feparite all the ſpar from an ore, * 
portivas of ie e e portions . | 
ere is #Uiverſity,. however, in the weights of 

meaſures of lend ore, which, probably, does aw 
fro Fparty or other hetcrogeneous- aceretions, but from 
the nature of the ore itſelf. I have carefully calculated 
the weight of a cubie foot of many of the Derbyſhire lead 
ores; the weight of a cubic foot of the lighteſt which E mer 
with was 7051 'otifices, and the weight of a cubic foot of 
the heavieſt was 7186 vunces; the difference amounting 
16 berween © blatt and a teach pare of the” weight of we 
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Ighteſt. There aces probablyz-oth 
4 * other ores of lead, 
— —æ—é— 
—— > but the. difference between theſe is ſufficient 
c lead ore by 
meaſure, fince tan diſbes of one ſurt of ore _ 
—— dreſſed. DDr 805 
Lead — — 
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appeared free from ſpar and every other impurity. 
— the lighteſt of theſe pieces would have 
weighed 188 ounces, and a eubic ſoot of the heavieſt 
would have weighed 7442 ounces. The mean weight of 
a cubic foot of the fix pieces was 7342. 

Other lumps of ore, from different mines, were reſpee- 
tively broken into different pieces, and ſcarcely any two 
equal pieces of the ſamie lump were obſerved to agree in 
weight. This diverſity in the weights of equal bulks of 
the ſeveral pieces of the ſame lump of ore may be owing, 
either to the diffcrent proportions in which the conſtituent 
parts of the ore are combined in the ſeveral pieces; or to 
the different quantities of extraneous ſubſtances i 

tibly mixed with them, or, which ſeems moſt 

to a diverſity in the fize or configuration of their pores. 

But be the cauſe of this diverſity what it may, the fact, 
I believe, is certain, and by no means fingular ; for not 
to me. ion the varieties obſervable in the weights of equal 
bulks of different pieces of roll brimſtone, of corrofive ſub- 
hmate; of caſt ſteel, and other factitious ſubſtances, the 
3c to à fimilar diverſity, though not, perhaps, in an 
equal degree. 

A piece of rbomboidal, otherways called refrafing or lan- 
tern ſpar, was broken into four ſmaller pieces, the weights 
of a cubic:foot of each of which were 2675, 2687, 2715, 
2723-3 the medium of the four is 2700 ounces. Mr. Cates 
fixes the weight of a cubic foot of Iceland cryſtal at 2720, 
and Wallerive fixes it at 2700 ounces. 

The weights of a-cubic- foot of four pieces of the ſame 
lump of cubical ſer were 3204, 3218, 3222, -3231 5 the 
medium of the four is 3219 ounces.—Molt of the ſpars 
met with in Derbyſhire are either rhomboidal or cubical ; they 
are eaſily diſtinguiſhed from each other by a view of their 
ſhape, when their angles can be diſcerned 3 and when the 
Morne obo the nature of the ſpar may be 

$4.3 8 A2 | aſcer- 
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aſcertained by touching it with an acid ; the rhomboidal ſpar 
always cfferveſcing with an acid, and the cubical refiſt- 
Ing its action. The lead ſmelters make great uſe of the 
cubical ſpar as 2 fx for ſuch lead ores as do not readily 
melt: it is curious to ſee its eſſect 3 a few ſhovels full of 
it, thrown upon a heap of red hot ore, immediately 
melting down the ore into'a liquid, though the longeſt 
continuation of the fame degree of heat, without the addi- 
tion of the ſpar, would not have been fulhicient for the 


Sir ounces of fine teſſellated lead ore were put into a 
crucible and expoſed, at firſt, to a gentle, andafterwards 
to a ſtrong fire: the ore grew red, and emitted fumes 
which ſmelled of ſulphur ; at length it melted, and the 
fumes became very copious ; they were accompanied with 
a yellowiſh flame upon the ſurface of the melted ore, and 
when collected had a whitiſh a The <rucible, 
after the ore had continued # full hour in perſect fuſion, 
was taken from the fire, and when it was cold it was brok- 
en. The maſs which it contained weighed five ounces 
and an half; there was no ſcoria obſervable on its ſurface, 
nor . = was lan ore 


of lead. 1 
roms the laſt experiment-was put | 
into a freſh .crucible, and expoſed to à ſtrong melting 
beat; the fumes which aroſe ſrom'it ſeemed'ts be heavy 3 
they brooded over the ſurface of the melted maſs/in undu- 
lating flames, which now and then appeared like burning 
zinc. . The lead was now/fornicd, and of it 
were ſublimed to at leaſt fix inches above the ſurface of the 


two hours in this ſtate, I poured out its contents, and 
N EN H TOING, 
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and partly of a very minute portion of browniſh” ſeori 2. 
I repeateT this experiment with the ſame ſucceſs. 
Theſe experiments prove, that fome ſubſtance or other 
is contained in lead ore, wluchmuſt be diſperſed before the 
ore can be formed into lead; and they ſhew' too, that it 
requires a conſiderable time to eſſeq; the diſperſion of this 


ſubſtance, fince fix ounces ol e, though kept three hours 


or more in complete ſuſion, were not wholly brought into 
the ſotm uf lead ; they inſtruct us alſo to believe that the 
lead in this kind of ore is in its metallic ſtate, as the ore 
was changed into lead without the addition of any ſub- 
ſtanee containing the inflammable principle; and, laſtly, 
they render it probable, that the ſumes, ariſing from 
meked ore, carry off with them no inconfiderable portion 
of the lead itſelf. At the great ſmelting houſes in Derby- 
ſhire, they put a ton of ore at a time into the furnace, and 
work ĩt off in eight hours; the ore might be wholly melted 
in one hour, but the lead, perhaps, r 
. quantity-in cight hours. = 

Some fine teſſellated lead ore from Derbyſhire was 
pounded into ſmall lumps, each about the fize of a pea, 
and carefully picked from ſpar, and other impurities. Six- 
teen ounces of this ore, thus previouſly cleanſed, were di- 
ſtilled in an-carthen ret ort. As ſoon as the ore felt the 


from lead ore, as it may be | 
» by diſtillation; and it 

of experiment that it cannot, 

at leaſt in the degree of heat which is requiſite for ſub- 

liming the dre. and eras retort, I found that 

15 a 2 | the 
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the ore had been melted during the operation ; for there 
was a conſiſtent cake of ore of the figure of the bottom 
of the retort ; the weight of this cake was fifteen ounces 
and an half: the weight-of the liquid in the receiver, 
and of the black matter which had been ſublimed, did not 
together amount to one quarter of an ounce ; ſo that a 
quarter of an ounce, or more, had been diſperſed, proba- 
bly, in the form of air, or ſome elaſtic fluid. The ore, 
by this proceſs, had loſt one thirty-ſecond part of its 
weight: The liquid did not. efferveſce with either acids 
or alkalies, nor did it produce any change in the colour 
of blue paper ; yet I am certain, ſrom experiment, that 
one drop of oil of vitriol, though diluted with two ounces 
of water, would have produced a ſenſible redneſs on the 
blae paper which I uſed. The liquid, notwithſtanding, 
had an acid taſte, and a pungent ſmell, reſembling that 
of the volatile - vitriolic acid. The black matter, which 
had been fublimed into the neck of the retort; was exa- 
mined with a microſcope, and it appeared to be pure lead 
ore. The mielted ore which was found at the bottom of the 
harm e e e een die 


on its ſurface; ” 
ö 


Some 
thought, a further inveſtigation. I therefore diſtilled an- 
other 206 ounces of ore, but with a fire ſtronger, and con- 
tinued for a longer time, than in the preceding experi- 
ment. The quantity of liquid was much the fame: there 
was a ſmell of ſulphur, and, perhaps, to the amount of 
half à grain of ſulphur was found in the receiver. The 
ore was in this experiment fublimed inta the neck of the 
retort, to the thickneſs of one fourth of an inch. There 
was found, as before, a cake of melted ore at the bottom 
of the retort, bur no ſenſible portion of either lend or ſco- 
fe 3 'F u, may ny cc; thi had ore 


+ I have ſaid no ſenſible. portion 3 there 257 however, an 
WWW 
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tannot be decompoſed by the ſtrongeſt fires in cloſe veſ- 
ſels, but that it may be ſublimed in them. The ore had 
loſt near an ounce of its weight. 

Thengh the experiment is enen rouhlefome, I was 
not deterred from making it once more: for I wanted to 
ſee whether lead ore could be wholly fublimed ; as 1 
thought that philoſophers might thereby form ſome con- 
JeQuces of the efficacy of ſubterrancous fires in ſubliming 
lead ores, and, perhaps, ores of other metallic ſubſtances. 
The event of this third experiment was perfealy cor- 
reſpondent to that of the two former, with reſpeR to the 
production of liquid, and the ſeparation of air, which was 
caught in a bladder, but was not found to be. inflamma- 
ble. The lead ore too was fo plentifully ſublimed into 
the neck of the retort, that it quite plugged it up for above 
three inches in length. Upon diſcontinuing. the fire, 
which had been raiſed to a degree of heat exceedingly 
great, I found the retort. was cracked, and that the cake 
at its bottom was very different from what was found at 
the bottom of the other retorts, which had ſtood the fire 
without cracking 3 for this cake was covered with a black 


alſo 2 
the 


of lead adhering to the bottom of the retort 3 but the quantity 
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the receiver, and this „ probably, aroſe from the 
decompoſition of the ore ; ns 
was obſerved in the other diſtillations of the ore. I found 
that the weight of a cubic foot of the ore, which had 
been fublimed into the neck of the retort, was 7500 
ounces ; which ſufficjently agrees with the weight I had 
before aſcertained” of this kind” of ore. A cubic foot of 
the black glaſſy ſcoria weighed 3333 ounces ; and the me- 
tallic cake which laid under it, and which conſiſted 
of lead, r 
lead, gave 8738 ounces to the cubie foot. 

Finding that ſulphur could not be ſeparated from lead 
ore by diſtilling'it in cloſe veſſels without addition, and 
_ yet being much diſpoſed to think that it contained a con- 
fiderable portion of ſulphur, I firſt thought of diſtilling it 
with charcoal duft, iron filings, ſand, and other additions : 
"but recillolling that falySuF night Ir" fepteref Tone un 
timony by ſolution in acids, I thought it not improbable 
S Spiel" She” 24 -are Sp "Ie "he 
means; — oe vga Fan Exe mea 
antlyFultificd the conjefure. ' 

Upon ten ounces of lead ore, Ae ad nie e- 
ceding experiments, I poured five ounces of the ſtrongeſt 
fuming ſpirit of nitre. This ſtrong acid not ſeeming to 
act upon the ore, I diluted-it with five ounces of water: 
a violent ebuflition, accompanied with red fumes,” imme- 
diately took place. The ſolution of the ore in this m 
ffruum became manifeſt ; and when it was finiſhed, there 
remained floating upon the ſurface'of the menſirium a cake 
of fine yellow fulphur, — Wes 
ſulphur. 


I repeated this experiment u great. many times, in or- 
der to aſcertain the quantity of ſulphur contained in lead 
ore, and ſeparablę therefrom by ſolution in acid of 
The reſults of different experiments were ſeldom the fame : 
the matter ſeparable from the ors by folution, after being 
_ repeatedly waſhed in large quantities of hot water, _— 
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der to free it from every faline admixture, ſometimes 


amounted to more, ſometimes to leſs, than. one-third of 
the weight of the ore. This matter may, for the ſake of 
diſtinction, be called crude ſulphur. Its apparent purity 
induce a belief that it contained no heterrogeneous 
z yet the following experiments ſhew how much 
n in forming ſuch a conjeQure, and 
how rightly it is denominated crude ſulphur. 

From one hundred and twenty parts, by weight, of lead 
ore, I obtained, by ſolution in acid of nitre, ſubſequent 
waſhing in hot water, and drying by a gentle fire, forty 


parts of a ſubſtance which looked like ſulphur ; theſe forty 
were 


put on a red-hot iron: the ſulphur 
manifeſt by a blue flame and pungent ſmell. When the 
flame went out, there remained upon the iron uncon- 
ſumed twenty-fix parts of a greyiſh calx : the weight of 
the ſulphur which was conſumed muſt, therefore, have 
amounted to fourteen parts, or between one-cighth and 


was made 


and one-ninth part of the weight of the ore. It has been | 


obſerved, that the weight of the matter, ſeparable from 
lead ore by. ſolution in acid of nitre, ſometimes exceeded, 
and ſometimes fell ſhort of, one third part of the weight 
of the ore. This variety, as far as I have deen able to 
obſerve, does not extend to the quantity of ſulphur con- 
tained in a, given quantity of ore: it depends upon the 
quantity of calr remaining after the burning of the ſul- 
phur. Different lead ores will, doubtleſs, contain dif- 
ferent quantities of falphur ; but that the fulphur con- 
tained in the lead ore which I examined,. conſtitutes be- 
tween one · eighth and one-ninth part of the weight of the 
ore, is a concluſion upon which, from a variety of experi- 
ments, I am diſpoſed to rely. 

There are faid to be annually ſmelted in Derbyſbire 
about ten thouſand tons of lead ore 7. Now if means 
could be invented (which I think very poſſihle) 1 


| 4 This etimate is, I have reaſon to think, toe high, 
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the ſulphur contained in ten thouſand tens of ore, ſup- 
poking that the ore ſhould only 


Phur, the value of which would annually be about 1 5000 l. 
I mention this circumſtance thus publicly, in hopes that 
the lead finelters may be induced to proſecute the fubjeR. 
If the contained in the lead ore could be collect 
ed, it would not only be a lacrative bufineſs to the ſmelt- 
ers, but a great ſaving to' the nation. We at 
Import the ſulphur we uſe ; and the conſumption of this 
commodity is exceeding great, in the making of gun- 
powder, in forming the mixture for coveriig the | 

and fides of ſhips, F and in a great variety of arts. The 
ſmelters need not be apprehenſive leſt the quality of the 
ore ſhould be injured by extracting the ſulphur. Eighteen 
hundred weight of ore, from which the ſulphur has been 
extraied, will certainly yield as much lead as twenty 
hundred weight of ore, from which the ſulphur has not 
been extracted, and it will, probably, yield more. Ar- 
ſenie is extracted from a patticular ore in Saxotiy, by 
roaſting the oar in a furnace, which has a long horizor 
chimney : the chimney is large, and has many windings 
and angles, that the arſenical vapour which ariſes from 
the ore may be the more eaſily condenſed : the arſenic at- 
tackes itſelf Tike ſoot to the chimney, and is, from timo 
to time, ſwept out. It is very probable, that by ſbme 
ſuch contrivance the ſulphur contained in lead ore might 
be oollected. The ſmeſters call every thing fulphur which 
is volatilized during the roaſting or fluxing of an ore: 
but none of thoſe, with whom I have converſed, had any 


1 This mixture is made of one part of tallow, of one part 
of briniſtone; and of three parts nearly of rofin. The tallow 
and roſin are melted together, and the brimftone is ſtirred into 
them; 140 pounds of brimſtone is enough for a veſſel of 146 


0 
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notion that common ſulphur could be ſeparated from 


lead ore. 

The greyiſh calx which remained upon the iron after 
the fulphur was conſumed, was put upon a piece of 
lighted charcoal; the heat of the charcoal being quickened 
by blowing upon it, a great number of globules. of lead 
were formed upon its ſurface. From hence it appears, that 
this calx is not an unmetallic earth contained in they, ore, 
which the acid of nitre could not diffolve; but a calx of 
lead, probably produced by the violent action of the acid, 
and which, by the addition of phlogiſton, may be exhibited 
in its metallic form. The quantity of this calx depends 
much upon the action of the acid upon the ore; if that 
action is violent, the calx is in greater abundance than 
if it be moderate; and I am not certain whether the ex · 
periment might not be ſo managed, that there would be 
ore might be ſo diſſol ved in the acid of nitre, that nothing 
would remain undiffolved except the ſulphur. But I have 
not yet perfectly ſatisfied myſelf as to the conſtituent parts 
of lead ore. I am certain that it contains fad, and ful- 
Pur, a liquid, and air > of the exiſtence of the three firſt 
there can be no doubt, from what has been ſaid, and the 
air is rendered beautifully apparent by the following e- 


Let ſome lead ore be reduced into a fine powder, put it 
into a narrow-bottomed ale glaſs, fill the glaſs three parts 
— Eid inter, Wop Tals the water = prrian. of the firatg 
ſeeing the ſolution commence, and you will obſerve the 
ore univerſally covered with bubbles of air, theſe will buoy 
the ore up in large tuſts to the ſurface, and the air will 
continue to be from the ore till the acid becomes 
ſaturated with the lead. The ſalt arifing from the union 
of the nitrous-acid to the lead often appears cryſtallized 
pon the ſurſace of the menſtruum in this experiment; 
and if, when the menſtruum is in that ſtate a little 
date cone mom" wt 

wn 
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down to the bottom of the glaſs, the acid having abſorbed 
the water which held it in folution. When lead is diſ- 
folved in the manner here mentioned, by a very diluted 
acid of nitre, there is no appearance of ſulphur upon the 
ſurface of the menſtruum, there is found at its bottom a 
black matter, which is the ſulphur. 

But though lead, and ſulphur; a liquid, and air +, are 
unqueſtionably conſtituent parts of lead ore, I do not take 
upon me to ſay, that they are the only conſtituent parts : 
i is well known, that, during the ſmelting of lead ore, 
a third part or more of its weight is ſome how or other loſt, 
fince from-one. and twenty hundred weight of ore, they 
ſeldom obtain above fourteen hundred weight of lead. 
What is loſt partly confiſts of a ſcoria which floats upon 
the ſurface of the lead during the operation of ſmelting, 
and partly of what is ſublimed up the chimney and di- 
fipated in the air. The ſcoria, I apprehend, would he 
very little, even from a ton of ore, if the ore was quite 
free from ſpar: it is the ſpar which is mixed with the ore 
that conſtitutes the main portion of the ſcoria v. I have 
in my poſſeſſion a ſolid maſs of ſcoria, which accidentally 
flowed out from a ſmelting furnace, and which in colour 
and conſiſteney perſectly reſembles grey limeſtone ; it re- 
ceives 2 poliſh as fine as marble, and it might, perhaps, 
with advantage, be caſt into moulds for paving-ſtones, 
chimney-picces, and other matters. It ariſes from the 
ſpar mixed with the ore, and, by the addition of cubical 
ſpar to the ore during its fuſion, its quantity might be 
increaſed at no great expence, in any proportion. That 
part of the ore which is ſublimed and diſperſed in the air, 
conſiſts partly of the I WEE Srann gong, and 


+ U have ſeparated inflammable air from lead ore, by dif- 
ſolving it in the acid of ſea ſalt. 

: © The fone withowe quelties eagments thrquontity of the feo- 
ria, yet the lead ore, which appearsto the eye to be quite free 
-  -< $9554 r 
Ps | | 
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partly of lead; this ſublimed lead attaches itſelf in part to 
the fides of the chimney of the ſmelting furnace ; the reſt 
of it flies up into the air, from whence it falls upon the 
ground, poiſoning the water and herbage upon which it 
ſettles. This ſublimed lead might be collected either by 
making it meet with water, or with the vapour of water, 


during its aſcent, or by making it paſs through an hori- 
Zontal 


of a ſufficient length. 

It is not caſy to determine with preciſion the quantity 
1 however, may 
throw ſome light upon the ſubject. They uſually at a 
ſmelting houſe work off three tons, or fixty hundred 
weight, of lead ore every twenty-four hours; the ſulphur 
contained in fixty hundred weight of ore, we will ſuppoſe 
to be ſeven hundred weight, and the lead to be forty 
hundred weight; the air, liquid, ſcoria, and ſublimed lead, 
muſt together, upon this ſuppoſition, amount to thirteen 
hundred weight; now, admitting three hundred weight of 
the thirteen to be ſublimed lead, it is evident, that, could 
it be collected, there would be an annual faving at each 
ſmeſting houſe of above fifty tons, which, ſuppoſing it to 
be worth four pounds per ton, would amount to above two 
r IBIIN The price, if not the quantity of 
lead ſublimate, here aſſumed, is probably below the truth; 
but my en i anfoered in givingthis hint to perſons en- 
gaged in the ſmelting buſineſs. | 
The following experiments, though upon a different 
ſubject, may not be unacceptable to the lovers of che» 
miſtry, as I do not remember to have any where met with 
It is commonly known, that the ſurface of melted lead 
becomes covered with a pellicle of various colours. I un- 
dertook ſome experiments in the courſe of laſt winter, 
with a view to aſcertain the order in which the colours ſuc- 
ceeded each other. The lead which lines the boxes in 
which tea is imported from China happening to be at hand, 
323 © WI IIIT i any Bom ladle ; but I was much 
ſurprized 
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covered with a duſky pellicle, did not exhibit any colours. 
Imagining that the heat was not ſufficiently ſtrong to ren- 
der the colours viſible, the fire was urged till the ladle be- 
came red hot, the calcined pellicle upon the ſurface of the 
lead was red hot alſo, but it was ſtill without colour. 
The fame parcel of lead was boiled in a-crucible- for a 
confiderable time z during the boiling, a copious ſteam was 
diſcharged, and the ſurface of the lead, as is uſual, be- 
came covered with a half vitrified ſcoria. The lead which 
remained unvitrified was then examined, and it had ac- 
quired the property of forming a ſucceſſion of coloured 
pellicles, during the whole time of continuing in a flate 
Another portion of the ſame kind of lead was expoſed 
_ to a ſtrong calcining heat for a long time g; the part which 
Theſe experiments induced me to conclude, that the 
Chineſe lead was mixed with ſome ſubſtance from which it 
was neceſſary to free it either by ſublumation or calcina- 
tion, before it would exhibit its colours It would be 
uſeleſs to mention all the experiments which I made before 
I diſcovered the ſubſtance with which I ſup- 
poſcd the Chineſe lead was mixed. At laſt I hit upon one 
which ſeems fully ſufficient to explain the phenomenon. 
Into a ladle full of melted Derbyſhire lead, which mani - 
_ Teſted a ſucceffion of the moſt vivid colours, I put a ſmall 
portion of tin, and obſerved, that as ſoom as the tin was 
melted, and mixed with the lead, no more colours were 
to be ſeen. I do not know bow preciſely the ſmalleſt 
idle quantity of tin, which will be ſufficient to deprive a 
given quantity of lead of its property of forming coloured 
pellicles ; but I have reaſon to believe, that it does not 
ee five thoulangth part of the weight of the 


— 
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lead, which has loſt its property of exhibit- 
„ acquires. it again, as 
is mentioned of the Chineſe lead, by being expoſed to a 
heat for a ſuſſicient time ; the tin, it is ſuppoſed, 
being ſeparated from. the — III 
lead is reduced to a calx. | 
Some calcined Chineſe lead et eo drama 
form by burning ſome tallow- over it. The reduced lead 
gave, when melted, coloured pellicles the cah of tin, 
which we ſuppoſe to have been mixed with the calcined 
tend, not being ſo cafily reducible as that of lead. © Ky! 


melted together ſome filyer and lead,” but the lead did 
not thereby loſe its power of forming colours. A little 
tin added to a mixture of lead and biſmuth, or to a mix- 


ture of filver and Jead, immediately takes away from the 
2 mixtures the faculty of ſorming coloured pel- 


This quality of tin bas hitherto, ds far as I know, Ben 
unobſerved py but every new fa8, relative to the 4 actions 


tion ol ting is thuok fele by the 
metal ſo hard und harſh, that it is not without diſſeuley 
L ws Ree hed. If their old lead does 
not work ſo „ nor -exhibit colours ſo readily; a8 
new lead, they may eker the difference to the ſmall quan- 
tity of tin contained in the folder, from which old lead 
| can ſeldom be thoroughly freed. 

With reſpeR to the order in which the colours ſucceed 
5% nn wran it ſeems to 


purple, 
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„ten, green,— fink, green,— pind, green. Upon exhi- 


biting the bright ſurſace of melted lead to the air, I have 
aſten obſerved theſe ten changes to ſollow one another in 
a more or leſs rapid ſucreſſion, according to the degree 
of: heat prevailing in the lead. If the heat is but ſmall, 
the ſucceſſion ſtops before it has gone through all the 
changes; but with the greateſt heat I did not obſerve any 
further variation. All the colours are very vivid, gnd 
exch ſeems ts go through all the ſhades delonging to 
before it is changed into the next in order. 

"The. fantuntion of chefs colours, may doexplained from 
what has been advanced by Sir Ian Newton, and illuſ- 
trated by the very ingenious experiments of Mr. Delavat, 
e 
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Thing uA een e of prrieiion in-the 
exerciſe of. every art, which is not; always well under: 
ſtood : and aſter men do ſufficiently. comprehend. it, 
many. ages. oktey, - Paſs. away before they. are fortunate or 
Ingeniops cnough to atiain it. Ta dt the greateſſ 
_ pofible. quantity of metal, from any particular kind, and 
any definite. quantity of ore, is a problem, of great im- 
portance, whethar-it be qonfidered; in a-ghiloſophical or a 
n light yet bg who ſhenld apply. bimſelf to the 
| ſolution of it, with an expeQation. of, being uſeful to man- 
Kind,” muſt take inge confideration another circumſtonce 
ol as much importance as - the. quantity. o metal to be 
22 For it jp 
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obvious, that a great quantity of metal, extracted at a 
great expence, may not produce fo much clear profit, as a 
leſs quantity procured at an cafier rate. There is a bene- 
ficial limit between the quantity to be- obtained, and the 
expence attending the operation, which nothing but en- 
can aſcertain. 

It has been proved, by experiments made in France, ® 
that lead ore, when ſmelted by a fire made of wood, 
yielded one-tenth more lead than in the ordinary method 
of ſmelting by means of pit-coal ; yet pit-coal is fo much 
cheaper than wood in Derbyſhire, and moſt other parts 
of Great Britain, that the loſs of a tenth of the lead 
is, probably, more than compenſated by the uſe of pit- 
coal inſtead of wood or charcoal. It is poſſible, perhaps, 
even with the uſe of pit-coal, by an alteration in the pro- 
ceſs of ſmelting, to extract, from every 20 tons of ore, 
one ton more of lead than is any where extracted at pre- 
ſent ; but whether the price of one ton of lead would be 
more than fufficieat to defray the expence 
attending the alteration of the proceſs, muſt be left to the 
decition of those who are intereſted in the ſucceſs of ſuch 
inquiries. | 

The art of ſmeking the ores of all metallic ſubſtances, 
world ; and this, doubtleſs, has been a reaſon, why the 
uſe of iron has every where been of a more recent date 
than that of the other metals ; fince it requires the appli- 
catipn of a much tronge fre to ſel. the ores of iron 
than thoſe of any other metal. : 

We have no cextain account when. or by whom the ſe- 
'veral metals were diſcovered. Wallerizs fays, that, as far 
as he knew, Pliny was the firſt who enumerated the fix 
r „* any, * 


— 4 


» His des Mines, par M. Hellot, Vol. II. p. 114. 
+ —— Primus (ſeil Plinius) quantum mihi conftat, ſex mo - 
talls enumeravit. Waller. de Syf. Miners. p. 10. 
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Hiſtorian who mentioned them : but they were certainly 
known long before the age of Pliny, and were mentioned 
both by Humer, and by an author far more ancient than 
Homer,—Moſes.—** Only the gold, and the ſilver, the 
the braſs (copper) the iron, the tin, and the lead, every 
thing that may abide the fire, ye ſhall make it go through 
the fire; and it ſhalt be clean.” $ From this teſtimony 
we are certain that all the metals were known, at leaſt in 
the country of the Midianites, above 1450 years before 
the birth of Chriſt, or near 900 years aſter the deluge. 
When I ſay all the metals, I muſt be underftood to mean 
all thoſe which were anciently known; for platina, the 
ſeventh metal, has been but recently diſcovered, and is 
not yet brought into general uſe ; and guickfelver, or mer- 
cufy, is not admitted by mineralogiſts into the claſs of 
metals; though it has a good right to be admitted, fince 
Aa fallcicnt degree'of cold, it Pee s the great cha- 
edict yniouty of © mee, as diſtinguiſhed from a ſemi- 
 nwfal—malleability. This property of malleability, as con- 
ſtituting the criterion by which metals differ from ſemi- 
metals, is not over rigidly to be infiſted on 3; fince iron, 
when firſt fluxed from its ore, or when converted into 
ſteel, and hardened, by being ſuddenly immerſed, when 
red hot, in water, . 
ways claſſed amongſt the-ſemimetals. 

E has been contended that copper was one of the firſt 
metals which was uſed as money, and that gold and filver 


Fete, in very remote ages, of little account in that view. 


In many inſtances the greatneſs of the. Roman name has 
made us forget the era when that began to be dif- 
in hiſtory, and induced us to confider their cuſ- 
toms, as the firſt which prevailed amongſt mankind. 'It is 
granted, that Servizs Tullius firſt coined copper, and that 
A" 


As and 
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and eighty-fifth year of their city;® when filver: began to 
be coined ; but from this conceſſion, no argument can be 
deduced for the ſole uſe of copper as a currency, in the 
firſt ages of the world. We know, from undoubted au- 
thority,, that filver was uſed in commerce, at leaſt eleven 
hundred years beſore even the foundation of Rome. A 
Abrabam weighed to Ephron, the filver which be had named 
in the audience of the Jour Heth, four bnpdred fhekels of 
| , current money with Ban. $... 60 years 
before Abraham paid this ham for a piege of in Canoan, 
he is ſaid, upon his return from Zeype, have been rich 
not in copper and iron, e AY, * 

Iron and copper were certainly known before the deluge 3 
and it is probable, that all the other metals every one 
of which is moe caſily extracted from its ore than iron 
and coppec ate from/theirs, were known alſo to the Ante 
diluvians; we have proof, however, that in the time of 


preſent, - preridus metals z And hende it Teems reaſonable 
cnough to contlude, that Neab was able to in his de 
ſcendants mn the art of melting metallic oces : | xp; 2 


this be admitted, we need. not be ſurprized at the igno- 
rance of many barbarous nations in this particular. For 


— planes hich, either by compulſion or choice, 

n A in ſearch of ſettlements, may 

ma 4 3 ma ade ol perm 
in the art 


ag ;. . 
derſtand it, "when the. Eo migrated,.. may, in 
many 15 have : died any ores were diſeov 
"which night . þ N R 
being onee » * 18. ey 
have remained 


nicht the of metas, * 


* 


- Ys 18 u n $. 
+ Gen, xxiii. 6. 
1 Gen. xiii. 2. 
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- The carb, im a little me after the d 28 
beſore i end have been propled by the poſterity 

Noah, nal tave- decks” CHOLERA wood the moſt 
\obvious" mithod-of clearing d cvintry of its wood, is the 
ſetting it bh fire. Now in moſt mineral countries there 
ure veils" of mitallic ores, which Re us to the 
ſurface df the earth; and rheſe having been fluxed whilſt 
the woods growing over them were on fire, 


probably 
man eee, 


— 8 ai ed, 
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The puttiug a quantity of ore upon « heap of wood, 
und ſetting the pile on fire, in to the manner 
in which ores were meſted during the burning of foreſts, 
was, it may be conjectured, the firſt rude procefs by which 
metalb were” extracted rem Weir ores. But as the force 
of e is greatly diminiffi&d when the flame is ſuffered to 
etpandſitſciſ, andasthe air ac more forcibly in exciting fire 
hen it rumes upon it with gredter velocity, it is Tikely that 
the heap of wood” aud ote would foon be fürrounded with 
z wall of fone, in which ſulicient openings would be left 
kor tue entrance of tHe air; and thus a Kifid of furnace 
Wal de conftrudted: Phe Pub, we are told, 
«fad difcovered"the art of ſmelting and refining filver, 
> gh Ay fimple application of fire, of, whete the ore 
Aud itapfegnated with foreign ſub- 
it th ſithatf ovens of fütnaces on bigh 
Aly conflrodtee that the draught of air 
AAA 


2b 
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eck the ano of 4 bellows, 


Tun method of tai grou 

F t the alliltince of a . 
| to have Been formerly” praiſed in other 
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Derbyſbire, called Boles by ihe inhabitants, where lead has 
been anciently ſmelted, before the invention of moving 
bellows by water. Theſe. places are diſcovered by .the 
flags of lead which are found: near them. There is no 
certain tradition concerning the manner in which the ore 
was ſmelted at theſe boles :: 4 was, probably, as fimple as 


Pere, they ſeem chiefly ta have relied upon the firength 
of the wind for the ſucceſs of the operation ; the boles 
being always ſituated upon high grounds, and moſtly upon 
that fide of; a hill which r This fit uation 
was not fixed upon without deſign, fince the wind blows 
in England, in the courſe of a year, near twice as many 
days beim the ayer er as from any other. R A method is 
mentioned by rchern || of ſmelting biſmuth ore. by the 
wins 5. and it ſeems as if the ore of ſead might have been 

od at theſe boles, after the farhe-nanner. \ This me- 
thod confiſts in putting the, biſmuth orc, when beat to a 
proper zze, into ſmall fat icon pans :. theſe are ſet in a 
row, contiguous to each other, in an open place, and, 
when there. is a ſtrong wind, a fle of dry wood is made 
cloſe to. the pans, and mths Be of them Faw which 


the wind blows :. by ar the yams i 
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ſmeked in the age of the Emperor Adrian. It is not 
different in ſhape from the pigs © ny um 
it conſiſts of ſeveral horizontal layers of uncqual thick- 
neſſes, and there is an irregulat hole in it running from 
the top to near the middle of its ſabſtance : from theſe 
appearances it ſeems as if it had been formed by pouring 


in the Peak. “ The lead-ſtones in the Peak lie but juſt 
within the ground, next to the upper cruſt of the carth. 
They melt the lead upon the top of the hills that he open 
to the weſt-wind, making their fires to melt it as ſoon as 
the weſt wind begins to blow ; which wind, by long ex- 
3 find holds longeſt of all others. But, for 

what reaſon I know not, fince'T ſhould think lead were 
at eee 
traordinary great. x 
222 tro boake_pecietlc anatentaines- 
tion of the wind, muſt have been a troubleſome proceſs : 
it has, thetcfore, been univerſally diſuſed, and the more 
regular blaſt of a bellows has been introduced in its ſtead. 
Landy tg ea r 
* 53 Ana- 
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Anacharſis the Seythian ; ||| but it is more probable that 
than of the machine itlclf : for Hamer, who lived long be- 
bs nia. rg eos yes Ween pt 
bellows, by means of a water wheel, — 1 
it is pretty certain that the ancients did not l 1 and 
that it was very g-nerally known, amangſt the Germans 
. far de peaks of — 
r ti TT 
r depending much upon — 
. —— — 


the largeſt bellows when twelled with air, copld nat fail of 
being conkidered by metallurgiſts 38 an inventian, when- 
ever it was made, of the laſi yunpoatance. The moderns 
accordingly have, in mauy inſtances, worked over again, 
with conſiderable profit, the beaps of iron, and other 
kings of flag, from which the metal had been but imper- 
ſectiy extracted, A 


was diſcoveted. 

ble la 
this furnace dre and charcoal, or art aud what they call 
placod in altetnate lager, upon 2 bearth properly con- 
— — contrined for. its re- 


reception. 
I Strab, 8 
mad. Lib." M an 
. Re Metal. publiſhed in 1330, p. 63. 338. 
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ception. There are not at preſent, I believe, above one 
or two of theſc orebearths in the whole county. of Derby 2 
this kind of furnace, however, is not likely to go intirely 
out of uſe, fince it is frequently applied to the extracting 
lead from the flag which is either at the ore 
beerth, or the cufola furnace, and it is then called a fag 
hearth, and the lead thus obtained is called flag lad. The 
fice in a flag hearth is made of the "_ SC 
ſtead of charcoal. 

Tho ener ate ö 
ſmelted by the flame of pit-coal, is faid to have been in- 
vented, about the year 1696, by à phyſician named 
Wright, * though Beecher may, perhaps; be thought to 
have a prior claim to its invention or introduction from 
Germany. + But whoever was the firſt inventor of the 
cupola, it is now in general uſe, not only in Derbyſhire, 
and other countries, for the ſmelting of the ores of lead, 
but both at home and abroad, where it is called the Eng- 
lin furnace, for the ſmelting of copper ores. This fur- 
nace is ſo contrived that the are is melted, not by coming 
into immediate contact with the fuel, but by the rever- 
beration of the flame upon it. The bottom of the fur- 
nace on which the lead ore is placed, is ſomewhat con- 
cave, ſhelving from .the fides towards the middle ; its 
roof is low and arched, reſembling the roof of a baker's 
oven. The fire is placed at one end of the furnace, up» 
on an iron grate, to the bottom of which the air has fret 
accels ;. at the other end, oppoſite to the fire-place, is a 
high perpendicular chimney ; the direction of the flame, 
when all the apertures in the fides of the furnace are 
cloſed up, is neceſſarily determined, by the ſtream of air 
which enters at the grate, towards the chimney ; and in 
tending thither, it ſtrikes upon the roof of the furnace, 
r. Tamas ERIN © Gon 
* 8 
— VOID p. 214. * 
1 See p. 13, 
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It is not always an caſy matter to meet with a current 
of water ſufficient to move the bellows required in ſmelt · 
ing on an hearth furnace; and to carry the ore from the 
mine where it is dug to a confiderable diſtance to be 
ſmelted, is attended with great :expence : this expence is 
ſaved by ſmelting in the cupola furnace, which, not re- 
quiring the uſe of bellows, may be conſtructed any where. 
Wood is. very ſcarce in every mining county in England ; 
and though pit-coal coſts ten or twelve ſhillings a ton in 
in the cupola, at à far leſs expence, by means of pit- 
coal, than of wood. —— The flame which plays upon the 
furface of the ore, and ſmelts it in 4 cupola ſurnace, is 
not driven againſt it with much violence : by this means, 
fmall particles of ore, called li, may be ſmekted in a 
driven away, if expaſed to the fleret blaſt of a pair of bel- 
lows in a hearth furnace.—— Theſe are fome of the ad · 
vantages attending the uſe of à cupola in preference to a 
hearth furnace: and to theſe mag be added one ſuperior 
to all the reſt, —the. preſervation of the workmen's lives; 
in a cupola, whilſt they are driven in the face of the hearth 
previoully beat ſmall, and proope 
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the operation re-commenced. In order to ſpare the lime, 
tare of lime and flag, they have in fome ſurnaces lately 
contrived a hole, through which they ſuffer the main part 
of the liquid flag to flow out, before they tap the f | 
polo upon the little remaining flag they throw a 
ſmall portion of lime, and draw the mixture out of the 
furnace without ſmelting it. This kind of — they 
have nick named a Marraroni. © 

| The proceſs of ſmeking here deſcrided, appears to be 
| * 3 X 
provement; without,” however, preſuming to ſay, how 
far it may be expedient to adopt the propoſed alterations ; 

A nile that” what” may” appear very feaſible in 
in large works. N 
— nes . 
ration of the lead fnclters, is to ſubſtieute an hort 
chimney of two ortheee hundred yards in length, in the 
plago of the perpendicular one now in uſe. In the 
Ry, which was fi publiſhed in 1778, mention is made of 
the probability of ſavitg a large quantity of fublimed Rad, 
by making the- abe which- wee from the ore, paſs 
through an horizontal chimney, ' with various windings to 
of the principal kad imeltery in Derbys, and find ther 
I had over-rated the quaatity of this fublimed lead; the 
weight"uf tic: dh frets” arm" Ur" Un; ting do 
ever, of opinion, chat the plan P Rid oe Br ade 
the fublimate,” was @ very rational one. Dut fo difficult 
i to wean artifis from their ane ways of 
that I cue very much whethet any of them would 
jv Ss the plan they approved, if an horizon- 
1 —— | 
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of lead, which is loſt in the ordinary method of 
This chimney was built on the fide of an bill, to prevent 
of the furnace. It not only anſwers that end, but it is 
found alſo to collect confiderable quantities of the lead, 
which is ſublimed during the ſmelting of the ore; this 
ſublimed lead is of a whitiſh caſt, and is fold to the 
painters at ten or twelve aton;z it 

onto rear y punt 
A ſecond circumftance to be attended to in the finelt- 
ing of lead ore, is the ſaving the ſulpbur contained in it. 
The pure lead ore of Derbyſhire contains, between an 
eighth and a ninth part of its weight of fulphur; but 3s 


— —— — alias 
— during the firſt three or four hours 

—— — furnace, the flame has a 
bluiſh tint, proceeding no doubt from the ſulphur, which 
in being ſublingsd from the ore, is inflamed: after all the 
ſulphur is ſeparated from the ore, the flame has a whitiſh 
— — fire may be raiſed for 
the operation ; for if the fire be made ſtrong 


_ 
+ 
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leſs, probably, for two reaſons ; the ſulphur unites itſelf in 
part to the lead which is formed, and by this union becomes 
inſeparable from it ; for the ſulphur cannot without much 
difficulty, be ſeparated from an artificial mixture of lead and 
ſulphur, when the two ingredients have been fuſed together. 
2. The ſulphur, whilſt it continues united to the lead in the 
naturalore, renders the ore volatile, ſo that in a ſtrong heat 
a great portion of it is driven off. Hence, very ſulphureous 
ores ſhould be roaſted for a long time with a gentle heat, 
and in this proper 
conſiſts the | 

An old lead ſmelter informed me that he had. often. re- 
duced a ton of ore, to 16 hundred weight by roaſting it, 
but that he did not obtain more metal from it by a ſubſe- 
quent fuſion, than if he had fluxed it without a previous 
roaſting. This may be true of ſome ſorts of ore, but it 
is not true of very ſulphureous ores. Indeed the fire may 
be ſo regulated in a cupola furnace, as to make it anſwer 
the-yunpete. of 2 cenfiing ant 2. Gnoking;: barpece at the 
ſame time: I have ſeen much lead lot by ſmelting 
a ton of ſulphureous ore in eight hours, which might have 
been ſaved, it the fire had at firſt been kept fo gentle as 
to have allowed twelye hours oe: Renton the. opere- 
tion. 

ane frond ens dn 
ſels, and the lead ore melts with ſo ſmall a degree of 
heat, that there may be more difficulty in procuring the 
ſulphur from the ores of lead, than from thoſe of copper 
or iron, however, I am far from thinking the matter im- 
praQticable, though I have not yet hit upon the method 
of doing it; and the following refleQions,- may, perhaps, 
— ar ey Great 


When it is ſaid that the. r e by (be 
of the furnace as ſoon as it is ſeparated from the ate, 
ie reader will pleaſe to recallect, that ſulphur conſiſts of 
two parts, —of an inflammable part by which it is rendered 
combultible,—and of an acid part which is ſet at liberty, 

wo 
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in the form of vapour, during the burning of the ſulphur. 
Now this acid, though it may be driven out of the furnace 
in the form of a vapour, yet it is incapable of being there» 
by decompoſed ; it ſtill continues to be an acid ; and 
could the vapour be condenſed, might anſwer all the ſame 
purpoſes as the acid of vitriol; ſinee all the acid of vitriol, 
now-'uled in commerce, is actually procured from the 
burning of ſulphur. That the fat, with reſpe& to the 
acid not being decompoſed, is as I have ſtated it, may be 
readily proved. The ſmoke which iſſues out of the chim- 
ney for ſome hours after each freſh charge of ore, has a fuf. 
focating ſmell, perfectly reſembling the ſmell of burning 
brümſtone, and if a wet cloth, or a wet hand be held in it 
for a very ſhort ſpace of time, and afterwards applied to 
the tongue, a ſtrong acid will be ſenſihly perceived. Va- 
rious methods may be invented for condenſing this acid 
vapour, and, probably, more commodious than the ſol- 
lowing one, which, however, I will-juſt take the liberty 
_ of mentioning, as, if it ſhould not ſucceed, n 
be attended with very little expence. 

_ Suppoling then an horizontal ern 


the end fartheſt from the fire be turned up by a tube of 


carthen ware, or otherwiſe, ſo that the ſulphurcous acid 
may ifſue out in a direction parellelto the flue of the chim- 


it. Let a number of large globular veſſels be made of 
either glaſs or lead, each of theſe globes muſt have two 
necks fo as be capable of being inſerted into one another z 
let theſe veſſels be, placed on the flue of the chim- 
ney, the neck of the firſt being inſerted into the tube 
through which we have ſuppoſed. the fulphureous acid to 
iſſue, and the neck of the laſt being left open, for fear of 
injuring the draught of the furnace. Let each of theſe 

veſſels contain a ſmall quantity of water, then it 
is conceived, that the heat of the flue will raiſe the water 
into vapour, and that this watery vapour will be the 
means of condenfing the ſu!phureous acid vapour, - if not 
wholly, at leaſt in ſuch. @ degree as may render the un- 


ney, and at the diſtance; of about a foot and a half above 
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dertaking profirable. When the ſulphur is all eonſumed, 
the draught of the farnace may be ſufferetl to have its or- 
dinary exit at the end of the horizontal ehümney, by a 
rr Since the 
firſt publication 6f te preceding Eſſay, I have ſeen an 
horizontal chimney at the copper worlts neur Liverpoot, 
where every thing I tad ſaid concerning the probability of 
ſaving ſulphur by roaiing lead ore, is verified with 
to copper ore: and F'helieve a patent uus beer g. to 
foe individual for this mode of colleding ſulphur. Shi: 
phur might be obtained with equal facility from the pyriter 
oben is found" amingtFeca!;- and this application of the 
pyrites might, pivblabiſy; be mere werdrive than the pts 
Ent hn6—imakig green Vierioh, e een 

A third circumſtanee, SAKE reeds —— 
the lead fmelter; is che leaving as little lead a8 in 
the ſlag. Near every melting OT _ 
of tous of flag, ' whieh; when properly affaytd, are 
to yield from one eight to one Kaefer t Wh of, 
lead; though no perſoli ab yet Gſeövered a metfc of 
To mut if ffom them wen fhieftetfir large quan- 
tities ; and inlet the ſineſters art ſo little able to obtain 
all the [eat cotithined in them, *in ae plices' they 
never attempt ti Stra au putt” oF it: in Wine plades, 
where they do attempt it, T iavt Rhe]. the ptoprictor of 
ies r ng 

of the value of 38,7. befitles fat them "+ 

fuck ; and yet the mer empD VEU in feln x 
diflieſs, feldbin* nch abcr ODOT he het: 
This fuflon'of the ſſag o Ks, 
been mentioiiedi NA te cal 

which they uſe 1 fhel; 4H thb Mg He on ihelketf by the 
ſtrong blaſt of the'beHowFitito a black ritafs; which, wh 
the#fire is very füt ttonits'a"ptife@r glad; ' this Slack = 
mand, even irt irs moſt Hamid te, is very tenacious,” nd 
93 ET Oe Pa Oe Fe OY: ad 
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it being from time to time removed from the fur- 
nace, a conſiderable ity of lead is left in it, and 
thereby loſt. A principal part of the lead contained in the 
flag of the cupola furnace, is not, I apprehend, in the 
beers but in the ſorm of a litharge or calcined 
a portion of the lead, in being ſmeſted from its ore, 
> ined by the vilancs of the fees this calcined lead is 
not only very vitrifiable of itſelf, but it helps to vitrify the 
ſpar which is mixed with the ore, and thus conſtitutes the 
Rs Recs, ne might it not be uſeful to throw a quantity of 
_ liquid ſcoria in the cupola furnace, 
2 895 5 calcined lead might be converted into 
lead, by uniting itſelf” to the inflammable principle of the 
chireoal -In win not unite with Jead, but it readily 
_ unites with ſulphur, and when added to a mixture of lead 
and ſulphur, it will abſorb the ſulphur, leaving the lead 
im its metallic form ; might i not be uicfol to flux fegte 
reotis lead ores in conjunction with the ſcales or other re- 
fale pieces of iron, or even with ſome forts of iron ore ?=— 
"The finekter's great care fliould be to extract as much lead 
os poſſible” at the” firſt operation of ſmelting the ore, and 
to leave the fag as poor as poilible ; hut if he ſhould fat 
find either the flag of the cupola furnace, or that of the 
hearth furnace, r 


Fo * be hy 
* contfivance, and then he 


34 CHEMICAL ESSAYS 
weile of a cabitfootof  —© "oF 


> CHEMICAL :'ESSAYS 38; 
Veſuvian lava is ſubject to the ſame change from the ope- 
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much relied on; we ate certain at leaſt,” char about fifty 
or fixty years afterwards, both gold and ſilver were 
reckoned by Strahy amongſt the products of Britain; 4 
hence, if the Britons did not underfland the art of ex- 
tractimg Rlver from lead, at the firſt invaſion of the Ro- 
mans, they ſoon lamed: it from their :cOnquitihers3 and 
this becomes more ptbbable, 1 it be denivicd, what filver 
was coined in Britain, in the tine G . 
Sitver is ſo coinmonly at N is eſ- 
teemed a Er ce r ee fead Which is 
_ entirely. free from it; it has even been alli ted, thak there 
is 10 lead in the world, except that of Fillach,.. 
rinthia, which does not contain filver. 4 
The more ancient alchemiſts, cy as probably, 


2 n 112 "ao 


obſerving; 
ceſſes, often gave a portion of filver, Rog ck yr 
that they could convert lead into filver. || This was an 
eaſy miſtake; an they had\#btaine®a Pbrtion of gold, 
they would, no doubt, have concluded, ID. 
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not be wholly repegled ; as there may be many lead mines 
in England very rich in filver, but which, on account of 
the diſkedilty of working them, cannot be entered upon 
with advantage, whilſt this right Tubfiſts. At many lead 
mines, moreover, there are large quantities of ſteel-grained 
ore raiſed together with the fort : now it gene- 
tally happens that e e © wed neberr by 
filver than the ordinary diced ore of Derbyſhire 3 and it 
might, if ſeparated from the reſt, be worked for filver ; 
but whether from an of the operation of the 
clauſe we are ſpeaking. of, or from mere ignorance or 
inattention, all the forts of ore are mixed and ſmelted 


* "Silver has formerly been ertrakled from lead in a great 
many places in Great Brizain. In the reign of Edward I. 
EE ES aitie wee ebcainad, bs. the copcle of 
three years, from a mine in Devonſbire, which had been 
_ diſcovered towards the beginning of his reign. This 
mine is called a filver mine by the old writers ; but it ap- 
pears to have been a mine of lead which contained filver. 
The lead. mines in Card! have, at different peri- 
ods, afforded great quantities of filver. — Maddh- 
ten is faig to have cleared from them two thouſand pounds 
2 month, + and to have been enabled thereby to under- 
take the great work of bringing the new river from Ware 
to Lauda; and in allufion, probably, to theſe two great 
eircumſtances of his life, there are painted, upon ſome of 
His pictures, the two terms,  fonter—fadine. Theſe ſame | 
mines yielded, ia the time of the great rebellion, cighty 
ounces of filver out of every ton of lead; and part of the 
* winch was mined 
of c 3 at 


A” 5 F 


| „ Helliagthed's Chron. Vol. II. p. 4316. Lov ale in the fame 
author « further account of filver extracted from the lead in 
Devonſhire and Cornwall in the time. of Kihvard Wh. ps 413. 


-F Oper, Min explic. p. 245, 
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The quantity of lead ſmelted annually in Derbyſhire 
may be eſtimated at 7500 tons. upon an average. Fiky 
years ago the average was, probably, 10000 tons a year 3. 
but we put it high enough in ſuppoſing it at preſent to 
amount to 7500 tons. I have never been able to get any 
proper information, concerning the quantity of lead an- 
— ſmelted in other parts ol Great Britain : but for 
— rr yi ing ntl wp AY 
that in the whole kingdom 30,000 tons of lead are annu- 
ally fmeked, and that at a medium each ton of lead 
would. yield 1 ounces of filver, then would there be, if 
all the lead was refined, a ſaving of three ounces of flyer 
from each ton of lead, or 90,000 ounces in the. whole ; 


lead, added to. that of the lead which js loſt during the 


— manner: exteriing filver from lead is 
every where the fame : it is very funple, depending upon 


to burn away, or to loſe its metallic appearance when ex- 
poſed to the action of the ſtrongeſt fires, in the open air. 
Hence, when a maſs of metal, conſiſting of lead and 
filver, is melted in the open air, the lead will be burned 
to aſhes, and the filver remaining unaltered, it is Eaſy to 
underſtand how the ſilvet may be extracted from the lead: 
than the aſhes of the lead, and inca- 

them yy ns meta} N miſcible 

fink to the | of the veſſel in 
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action: hence either gold or filver, or a maſs conſiſting of 
both, may be purified from any or all of theſe metals by the 
mere of fuſion ; for theſe metals will riſe to the 
top of the veſſel, in which the ſuſion is made, in the form 
of an earth or droſs, leaving the gold or River pare "ﬆt the 
bottom. n 

| The ancients certinly knew that filver could be puri- 
fied from the baſe metals by the force of fire.—The houſe 
faul it to me become def > all they are braſs, (copper ) 
and tin,” au iron, au lead; in the midft of the furnace 3 they 
are even the dreſs of ber d. And as we read of filver being 
purified ſeven times in's furnace of earth, + it may, per- 
haps, be inferred, that the method of refining filver which 
was then in uſe, conſiſted in reducing the baſe metals into 
earth, by a repetition of the proceſs of fufton. This in- 
ference, it muſt be owned, is rendered doubtful by a paſ- 
ſage in Jeremiah ;—— The bellows are burned, the lead is con- 
fumed of the fire, the founder melteth in vain.— This paſſage 
18 and interpreters tranſlate the ori- 
ginal Hebrew differently, but moſt of them collect from it, 
that the founder added-lead to: the mixed maſs which he 
wanted to reine. 

_ Lead, when reduecd 20.9n-carth by bring burned in the 
open air, may, in a ſtronger degree of heat, be con- 
W om has he progeny of 

8 greatly 


© ask 22 1 1 bt zil. 6. 
T Jerem. vi. 
„er metallic fablaaces yield colopred. glafſes, either 
when yitrified alone, or in conjunction with pure glaſs, In ena- 
mel and chine painting they prepare roſe red and co- 
lours from gold ; ſcarlet reds from iron, or vitriols that partake 
of it; greens from copper x blues from cobalt ; blacks from 
— 2 zaffer, r 
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greatly contributing to the eaſy vitrification of all e 
ſabſtances ; hence, when gold or filver are mixed with 
iron, copper, or tin, it is uſual to add to the mixed maſs 
a quantity of lead, in order to accelerate the purification ; 
for the lead will be converted into glaſs, and this glaſs will 
vitrify all the extraneous ſubſtances with which the gold 
or filver are polluted, without" exerting the haſt ativan 
upon the precious metals themſelves. 

I do not know upon what grounds one of the moſt diſtin- 
guiſhed chemiſts of the age has afſerted, 4 That the re- 
fining of gold and filver merely by the agen of the fire | 
was the only method anciently known; * and that the 


W Mlb to, nn 
degree of heat to which 1 the green 
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Den as Strabo ſayt, that 
he omitted Polybiug' account of this matter, becauſe of 

prolizity. +. Pliny probably bas an allufon to the uſe 


us 
of lead in refining filver when he ſays, that a fil 

in. the form of an carth could not be meked except in con- 
junction with lead or the ore of lead. $ A more diligent 


ſearch into, the writings of the ancients, would, doubt - 


may. be ſufficient to induce us to believe, that they were 
not unacquainted with the uſe of lead in refining gold and 
filyer,—But to return to the manner of exurating filver 


iromJead.. « # WA: / f * be) | F 
. . The veſſel in which the workmen melt the maſs of filves 


and lead. is of a ſhallow form, that a large ſurface of the 
meited maſs may be to the 


much as. to- imbibe 
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being produced, or from an idle notion of its eontaining 
much filver. The litharge which is firſt formed is whitiſh, 
that which experiences a greater degree of heat is red y the 
colour of the litharge is alſo influenced by that of the other 
metals, which may chance to be mixed with the maſs of 
lend and flver. When the ſurface of the melted maſs 
becomes white, and throws up no more litharge, the ope- 
ration. is finiſhed : but as the remaining filver is not quite 
pure, fince it contains a ſmall portion of lead, from which 
the degree of heat requiſite for melting the mixed maſs 
cannot readily free its it is taken to a refining furnace; 
and rendered quite pure, at leaſt from lead, by cupeilation. 
This proceſs confifts in melting the filver obtained from 
the firſt in a veſſel made of the fame materials 
as the teſt, and which, from its reſemblance to a wide 
mouthed cup, bas been called a cel. The cupel being 
8 the lead which 
had efcaped- the action of the fire on the teſt, is now 
driven out from the filver, and being converted into li> 
tharge, i abſorbed by the cupel, and by this means the 
ſilrer is purified from every metal except gold; for it is not 
neceſſary en this occafion to remark, that a minute portion 
of copper, when there happens to be any in = maſs of filver 
and lead, probably eſcapes the action of the fire in cupel- 
linggbld or filver. 


There are ſeveral ſmelting houſes at Holywell in Flint- 
Nay ren he ling en from lads Me. Pn + 
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The filver obtained from lead at Holywell, is chiefly fold 
to the Manufacturers at Birmingham and Sheffield. Much 
filver is alſo extracted from lead in Northumberland. 
u Holywell they uſually work off three tons of lead 
at one operation, the quantity of filver which they pro- 
cure, is variable according to the richneſs. of the lead; 
4 few years ago they were refining lead from an ore tound 
in the e of Man, and it gave them about 60 ounces at 
every operation, or a0 ounces in a ton of the lead. The 
"Iitharge ordinarily obtained from three tons of lead 
amounts to 58 hundred weight; this litharge may either 
be changed into red lead by calcigation, or it may be re- 
duced into lead again by being fluxed with charcoal, or 
any other matter containing the inflammable principle; 
but when it is reduced they ſeldom obtain more than 52 
hundred weight of lead, 95 ſo that by extracting the filver, 
there is a loſs of eight hundred weight in three tons of 
dead. It has been faid that the Dutch can extract the 
filver from three tons of lead, and not loſe above fix hun- 
ed weight || S the lithrage into lead, and 


Ae berge, is, =o ſpeaking, = bre 
ſhillings « ton more than ore lead, as the plumbers. efteem it 
ſofter and futer for making ſheet lead ; yet the litharge lead 
of Man here mentioned, was found 
quite yafit for making ſheet lead, on account, probably, of 
the ore having held other metals beſides filyer and lead. 

'F In the forciga works they eſtimate the loſs of 
which the litharge ſuſtains in being 


fixth pert of the weight 


p. 
| Weber's Mete! * * * 
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perienced refiner in Derbyſhire, that he could extract the 
filver without lofing quite ſo much as fix hundred weight 
in three tons of lead; I make no queſtion that the loſs de- 
pends, in ſome meaſure, on the quality of the lead. It has 
deen remarked before, that lead, which does not contain 
nine ounces of filver in a ton, is not thought worth the te- 
fining ; the ſmalleſt quantity which can be extracted with 
profit, muſt depend much upon the price of lead, all ex- 
For cight hundred weight of lead, which may-be affumed 
at a medium as the loſs ſuſtained during the operations 
of nung and eg, is worth 61 when lead is at 1 fl. 
2 ton, and it is worth only 41. 16s when it is at l al. a 
tom. The value” d 27 ounces of filver, which we ſup- 
poſe to be the quantity ſeparable from three tons of lead, 
is 51. ros. gd: at 58. 7d. an ounce ; hence, the difference 
det ween the value of the filver obtained, and that of the 
dead foft, would, when lead is at 151. à ton, be 11. 10s. d. 
and when lead is as low as 121 a ton, it would amount 
Fobn Pettus, 


-* Silver is here valucd at 55..7d- an ounce ; this requires 
ſome 


| | its of copper; in other words, 
every maſs of fandard- filver conſiſting of 40 parts 


with a view of rendering theſe metals harder, and partly 
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Ghillings, or 38. ad. „mic 
the rule of proportion, that the nt price « 
af fize flyer, which contains no copper, will be 55. 
8 che leaſt. The market price of. flyer bullion. d« 
wholly depend on. the mint price, it can ner. be 
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when an cnamel is to be faxed. on 
experie uced of the foreign cnamellers, f-reegmmengs 
uſe of gold, which has the ſame alloy. ad ch | 
dard: gold, or two pants alloy,- and 4n£pty-40 pate of 

SGantignls. nl i nw 1 bing e ii cane 
The Romas fperx/a, whieh they uſed as-looking glaſſes, in 
Pliny's time, vere commonly made af fixer, hut the 
vas alloyed with much copper; for we. find 2 cunnng 
fingers after having handled a. ſpeculum, leſt her para- 
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mour from the ſmell of her fingers ſhould ns 
haviag received filver from ſomae-other lover. 1. 


Ut peculum ten, cee ne glean areas tom 


6 
Ar oa ple hr eng . 
ter or apothecary.—Suppofing him to ol 
lead before his eyes, the firſt thing which will firike him n 
its vivid © colour verging a tle towards orange ; if” he 
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not fur o well as that which'is made from. the direct calci- 
nation of lead, as is-prafliſed in Derbyſhire. There are 
in that county nine red lead mills or farnaces, all of 
The furnace is very like a baker's oven; its vaulted 
roof is not at a great. diſtance from the bottom or floor; 
on each fide of the furnace there are two party; walls, rifing 
from the floor of the furnace, but not reaching to the roof ; 
into the intervals between theſe walls and the fides of the 
over the party walls and ſtriking upon the rodf, is from 
thenee reflefed down upon the lead, which i placed in a 
cavity, at the bottom, by which maus the lead is ſoon 
molted. The furface of melted lead, when expoſed 
the open. air, inſtantly becomes covered with a duſky 
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I has been aſſerted, that the reverberation of the flame 
and ſmoke upon the ſurface of the lead, is not a neceſſary 
circumſtance in giving it a red colour, but that it will ac- 
quire this colour by a long calcination without coming in 
contact with the flame. The truth of this aſſertion I think 


. r any thing better ne 
red, 


bling the red of brickduft, which is very dif- 
CT e and even this dirty red 
was changed into a. yellow colour, by augmenting the 
degree of heat with which the lead had been calcined. The 
method. of making red lead is very well underſtood in Eng- 
land and Holland, but not in France ; and the French work - 
men are of opinion, that it cannot be made by the flame 
N. | 

NR 
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a {mall portion of it injures the colour of a large quantity 
of the red lead with which it happens to be mixed 
A ton or twenty hundred weight of lead gives 
twenty-two hundred weight of red lead, notwi | 
the loſs of ſubſtance which the lead evidently fuſtains 
from the copious ſmoke which ariſes from it during the ope- 
ration. Some authors tell us, that the increaſe in the 
_ weight of the red lead is double” what I have here” men- 
_ tioned: thus, Orfcball oor oy Are. oh 
aſſures us, that 100 pounds of lead yield 120 

ſometimes even more, of red Lead. ® "it rs 


iſputes 
whe increaſe of 
weight ſhould be aſcribed; Tome have attributed i to 
what they call the matter of fire ; others are upon good 
grounds convinced, that is owing ze . N of the 
air itſelf, or of fome of the; of which the air con- 
fiſts. This hypotheſis concerning the fixation of air dur- 
ing the calcination of metals, is ſaid to have been firſt ad- 
vanced by Jabs Rey, a French phytitian, in $630 ; Dr. 
Hales was partly of the ſame opinion ; + and Dy, — 
very expreſaly affirms, that calcined metals receive their 
| increaſe of weight ſrom the air, which * by anz on 

r eber in metals or other bodies, 


en 
e . e 


Vol. II. p. 384. 
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that of the whole lead which was —— to calcination. 
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of aerial matter may be —— from 
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the remaining fifty eight hundred weight conſiſted partly 
of the carth of lead, and partly of the air which had been 
fixed in it during the calcination ; and hence, when it was 
reduced, it did not give above fiſty-two hundred weight. 
In calcining then, and reducing fixty hundred weight of 
lead, there is a loſs of eight hundred weight: a 
great part of this ' loſs is rightly referred to the volati- 
lization of the lead, but a part alſo may juſtly enough 
be referred to the ſcoria which remains after the reduction 
of the litharge into lead, that operation being ſeldom per- 
formed fo 3ccurately as not to leave ſome part of the li- 
tharge unreduced. I have here ſpoken of the loſs of 
weight, ſuſtained during the reduction of litharge,' as if it 
was the ſame as that which red lead fuſtains ; there, pro- 
bably, may be ſome — Latweek Hiths,> bat the 
f inference is the ſame ; and I have been informed 
moreover, that there is neither "increaſe nor weereaſe in 
weight, in converting litharge into red lead. ® + © 
In making red lead in Derbyſhire, the workmen mix 
one hundred weight of flag lead with about cighteen hun- 
dred weight of ore lead ; and they are perſuaded that this 
flag lead has a great effect in accelerating the converſion 
of the other lead into an earth. Tia, when mixed with 
lead, very much provokes its calcination : and the flag 
lead bas this property in common with 2 mixture of tin 
and lead, that it does not, when melted, exhibit any co- 
lours on its ſurface. May not its properties, by which it 
is diſtinguiſhable from ore lead, ariſe from'its containing 
zinc or tin? We are too apt, I think, to look upon the 
c 
certain 


bi „ done apt eater wich the af thomecbanes 
the Familiar Diſeoùrſe Mines. p. 4 — 20 hun- 
dred weight of this litharge will produce 22 hundred weight of 
red lead. Another author informs us, that 20 pounds of lead 
vin, By « long calcination, give 25 pounds of aſhes; and 
that theſe 25 pounds of aſhes will, when reduced, give 19 
pounds or an, Lemery Cours de Chym. p. 145. 
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certain that they all contain two, namely, lead and 
filver ; and it may be that they contain other metallic 
ſubſtances, particularly zinc and tin. 

In converting a ton of lead into red lead, the workmen 
obſerve, that towards the end of the operation, a few 
pounds of lead are always found to remain, which can- 
not be changed into red lead with the fame facility with 
which ordinary lead is changed. When I was firſt in» 
formed of this circumſtance, I confidered it in the follow- 
ing manner :—Derbyſhire lead, though it does not con · 
tain filver enough to render the extraction of it profitable, 
yet it generally contains five or fix ounces. in a ton: 
filver is not capable of being converted into an earth by 
the action of air and fire; when, therefore, a ton of 
lead is converted, as to its greateſt part, into red lead, 
why may not the fix ounces of filver contained in that 
lead be left- unaltered ? And may not the ſuperior diſſi- 
culty of reducing the laſt portion of the lead into red lead 
proceed from hence, that it is much more impregnated 
with filver than the ordinary lead is? Under the influ- 
ence of this conjecture, I procured from Derbyſhire ſome 
of the lead which remained uncalcined in the making of 
red lead, and I aſſayed it for filver ; but it did not con- 
tain more filver than many ſpecimens of ore lead con- 
tained. 

It has been remarked, more than once, that red-lead 
may be reduced into lead, by being melted with wohin, 
tallow, charcoal, or any ſubſtance containing the inflam- 
mable principle. The proof of this is very cafy : a few 
grains of red lead being ſcattered on a piece of red hot 
charcoal, will be changed into globules of lead ; or if the 
reader burns a common red wafer in the flame of a can- 
dle, holding a piece of white paper under it, he will ſee 
many red hot globules falling upon the paper, and theſe 
globules he will find to be lead : this lead proceeds from 
oe A ORIG OPT Oe OT ES. br 
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ing reductd into the ſtate of a metal, by uniting itſcif with 
the inflammable principle. The beſt wafers are coloured 
with vermillion —powdered cinnobar. * 

Having been diſappointed in the expectation of finding 
a large proportion of filver in the ſmall refidue of lead re- 
maining after the converſion of otdinary lead into red 
lead; and being unwilling to up the notiom, I was 
defirous of convincing myſelf I had not been guilty 
of any miſtake in the aſſay that I had made, by trying 
whether red lead itſelf did not contain filver : for if red 
lead contained Giver, I ſaw no reaſon to be ſurpriaed at 
the refidue, before mentioned, not containing more than 
I found it to do. I therefore reduced a quantity of red 
lead into the ſtate of a metal, by melting it with rofin : 
this reduced lead was carefully aſſayed more than once, 
and it always afforded a portion of filter. Hence we may 
conchude, that the filver contained in lead, though it be 
not ſubject to calcination, during the proceſs of making 
red lead, is nevertheleſs mixed with the caleined lead in 
ſuch a commiauted ſtate, as to cſcape our ſenſes: the 
filver, probably, is ſtill in the form of filver 3 but its par- 
ticles are ſo indefinitely fine, that they cannot be diſtin- 
guiſhed in the maſs of red lead which contains them. 
The method of making flag {cad has been deſcribed be- 
fore. I aſſayed this kind of lead ſeveral times, and 1 
ſometimes obtained from it a globale of filver, at other 
times there was no appearance of filver. This difference 
in the reſult of the aflays, is not to be attributed to any | 
difference in the quality of the flag lead which was aflay- 
ed, for al the pieces which I tried were cut from the ſame 
jump, but to the different degrees of heat aſed in the ope- 
ration. When the fire was too ſtrong, the filver, I con- 


. Seven, I know, is looked upon as 
a fixed 
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frei metal, and not capable of being volatilized ; and 
the loſs of filver, when the fire is too ſtrong, has been at- 
tributed to its being not volatilized, but abſorbed by the 
cupel. I have no objeQtion to this account; but that the 
volatilization of filver on the cupel is no unwarranted 
conjecture, appears from hence, that in the laft proceſs of 
refining lead for filver at Holywell, fo much of the filver 
is carried into the chimney of the furnace, that 
have procured a filver cup from melting the ſweepings. 
A great quantity of lead is annually imported in the 
tea boxes from China : a Congo box contains about ten 
and an Hyſon box about four pounds of lead. I 
ve frequently aſſayed this lead, and always found that 

& contained ſilver, but not in quantity fulfcieat to quit the 
expence of extraQing it. 

Pure lead is heavier than pure filver, and the purer the 


lead the greater is its weight. I calculated the weight of 
2 cubic foot of five different ſorts of lead. 


Weight of a cubic foot of 
5 . . Avoir. oz. 
i 11460 
11331 


11262 
11212 


11 


The experiments foes which I formed this table, were 
repeated at different times, and the mean of ſeveral trials 
in the reſpective ſorts is expreſſed. Ins ant of fine 
filver weighs 11091 ounces. || 
| The ktoving affieys of the — leads here men- 
tioned, were made by an experienced affayer in London; 
they are very 
n 


lietle different from thoſe which 1 myſelf 
I was defirous that the reader might rely 
upon 
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upon the authority of a perſon verſed in the particular 
bufineſs of affaying, rather than upon mine. 


Fine filver in a pound of 


— 


| Grains. 
Lead from the reduction of red lead A 
Lead uncalcined in making red lead 632 


Lead ſmelted from an ore - 12 
Lead from the flag of a cupols furnace — I 
Lead from a tea box 14 


From comparing the two tables together, we ſee that 
the heavieſt lead contains the leaſt filver. I do not think, 
that perſons intereſted in knowing the quantity of filver 
contained in any particular ſpecimen of ſhould reſt 
ſat ĩsſied with aſſay ing ſo ſmall a portion as a pound, eſpe- 
cially if no notice is taken of any weight leſs than one 
ſourth of a grain. 

I bite lead or ceruſe, is lead corroded by vinegar. Thin 
plates of lead are rolled up in a ſpiral form, and placed in 
carthen pots containing vinegar; theſe pots being ranged 
on proper ſtages, and their mouths being in ſuch 
Aa manner, as to permit the vapour of the vinegar to 
eſcape, and at the ſame time to prevent any impurity 
from falling into them, a quantity of horſedung is thrown 
in amongſt them; by the heat of which, as it grows pu- 
trid, the vinegar is raiſed in vapour, and this vapour at- 


taching itſelf to both fides of every ſpiral of the lead, 


which is ſo placed as not to touch the vinegar, it corrodes 
the lead into white ſcales, which being beat off from the 
plates, waſhed and ground in a mill, - conſtitute the white 
lead of the ſhops, excepting that this is generally, even 
before it gets into the hands of the painters, adulterated 


with chalk. Ceruſe was formerly made by the vapour of 


putrid urine inſtead of vinegar. The time when this 
preparation of lead was firſt diſcovered, is wholly uncer- 
tain; Pigcvrides ſpeaks of its being made in great perfec- 
tion 
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tion at Rhodes, Corinth, and Lacedemen, and of an in- 
terior ſort of it at Puteoli; ꝓ and Pliny deſcribes two ways 


of conducting the operation, both of which are now in 
uſe. 4 


The Roman Ladies were well acquainted with 6h Wh 
of ceruſe as a coſmetic: Plautus intruduces a waiting wo- 
man refuſing to give her miſtreſs either ceruſe or rouge, be- 
cauſe, forſooth, in the true ſpirit of a flattering Abigail, 
the chought her quite handlome enough without them. $ 

I ſuppoſe the Chriſtian ladies, in the days of St. Jerome, 
were given to this Pagan cuſtom, for the venerable father 
inveighs very forcibly againſt the uſe of rouge for the lips 
and checks, and of ceruſe for the face and neck, as in- 
centives to luſt, and indications of unchaſte defires. 
Without preſuming to explore the arcane of a lady's 
toilet, or to reveal the arts by which my fair countrywo- 
men endeavour to improve charms naturally icrefiſtible, 
I would add to the admonition of St. Jerome, a caution 
more likely, in theſe degenerate times, to be attended 
to the certain ruin of the complexion, to ſay nothing 
oo INN UID FIPS, LED 
conſtant appli of this drug. Nor is the magiffery 
of biſmuth or Spaniſh white, as it is called, much lefs per- 
nicious than ceruſe, notwithſtanding its being in ſuch re- 
pute in London, . 


t Dioſ. Lib. V. C. 103. 

1 Lib. XXXIV. 8. 54. 

$ ——nondo, ſeita es tu quidem, 
. 


| Quid faciat in facie Chriftiene purpurifſs et cute quorum 
alterum ruborem genarum, labiorumque mentitur, alterum 
candorem oris et eolli, ignis juvenum fomenta libidinum, im- 
pedics mentis je. Hieron, ad Fuſcum. 


| 
| 
| 
| 
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thouſand hogſheads had been annually brought in for a 
ſew years preceding the year 1750, whereas the quan- 
tity annually brought in forty years before, did not ex- 
ceed 1200 hogſheads. They diſcovered, that ſeveral 
wine merchants, aſſuming the name of vinegar -mer- 
chants, bought theſe ſour wines (which were ſtill ren · 
dered more ſour by the cuſtom of pouring into each hogf- 
head fix pints of vinegar before it was ſold,) and after- 
wards, by means of litharge, rendered them potable, 
and fold them as potable wines. | TH 
Our Englifh vintners, there is reaſon to fear, arc not 
leſs ſerupulous in the uſe of this poiſon than the French 
wine merchants; for it not only cotrects the acidity of 
four wines, but it gives a richneſs to meagre ones, and by 
this the temptation to uſe it is much increaſed. 
The r may ſoon furniſh himſelf with the means of 
detecting lead when diſſolved in wine. Let him boil to- 
gether, in a pint of water, an ounce of quicklime and half 
an ounce of flowers of brimſtone, and when the liquor, 
which will be-of a yellow colour, is cold, let him pour it 
into a bottle, and corking it vp, reſerve it for uſe. A 
few drops of this liquor, being let fall into a glaſs of wine 
or cyder containing lead, will change the whole into a 
colour more or leſs brown, according to the quantity of 
lead which it contains; if the wine be wholly free from 
lead, it will be rendered turbid by the liquor, but the co- 
Jour will be rather a dirty white than a blackiſh brown. 
Pa Helmont < was of opinion, that Paracelſus made no 
vain boaf#, in ſaying that he could cure two hundred diſ- 
eafes by: ions of lead ; but he does not tell us of 
the many hundred perſons be, probably, - ſent to their 
xraves by his ancmpt. But it is heyond my ability, — 


„km Chy. de differ Subſ, per M. Sage, p. 157+ _ 


| 4 Aden ut non fruſtrs Paracelſus glorietur ſolo plumbo forte 


5. 364. | 
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falls not within my deſign, to diſcuſs either the falubrious 
or poiſonous qualities of lead; eſpecially as the labours of 
Sir G. Se 
that ſubjeQ. 

Having accidentally heard, deina-ode eee 
volume, that Dr. Prieftly had diſcovered a method of re- 
ducing red lead to its metallic form; by meiting it, in 
contath with inflate bis; by means of a 

| glaſs, I was very defirous of having ſo temarkable a fad 
confirmed by other experiments. But being prevented by 
a bad ſtate of health from venturing into an claboratory 
myſelf, I communicated my wiſhes and ideas to an inge» 
nious gentleman of this univerſity, who has for ſome 
years been cultivating chemiſtry with a proper degree of 
enthuſiaſm, and he bas fucceeded in reducing red lead, 
by means of inflammable air, in the following” manner. 
To one end of a glafs tube, into the middle of which 
ſome red lead had been put, an empty bladder was tied 
to the other end a bladder full of inflammable air, obtain- 
ed from a ſolution of iron in the acid of vitriol, was faſten- 
ed very cloſe: that part of the tube, in which the red 
lead was principally lodged, being heated almoſt red hor, 
by being held over a ſmall crucible full of burning char- 
coal, the inflammable air was preſſed out of the bladder; 
at its firſt paſſage through the tube the red lead became 
brown, as if it had been mixed with ſome o/caginous partt- 
cles; and by prefling the bladders alternately for a ſhort 
ſpace of time, the red lead was reduced into ſmall glo- 
 bules of lead; the quantity of inflammable air was ſenſibly 
diminiſhed, a part of it having been abſorbed by the "el. 
lead, when it became a metal. 


1 Med ET 
1 K on the Poiſon of Lead. 
Rer. Mr. Milner, A. M. Fellow of Queen's College. 
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